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^VELLS  OF  SOUTHERN  INDIANA.^ 


By  Frank  Leverett. 


DETAIIiED  DISCUSSION  OF  WEIiljS. 

RANDOLPH   COUNTY. 

Oeneral  statement, — Randolph  County  is  situated  near  the  middle 
of  the  eastern  boundary  of  the  State,  with  Winchester  as  its  county 
seat.     It  has  an  area  of  460  square  miles. 

This  county  has  the  distinction  of  being  the  most  elevated  one  in 
the  State.  Only  a  small  portion  of  its  surface,  along  the  Mississinewa 
and  White  rivers,  in  the  northwestern  and  western  parts,  falls  below 
the  l,0(X^foot  contour.  Several  sections  in  the  southeastern  part 
have  knolls  and  ridges  rising  above  the  l,2()0-foot  contour.  The 
highest  of  these  probably  reaches  1,250  feet. 

The  highest  land,  found  in  the  southern  tier  of  townships,  is  occu- 
pied by  a  strong  morainic  belt,  having  a  breadth  of  5  or  6  miles  and 
carrying  sharp  knolls  and  ridges  30  to  50  feet  in  height.  Between 
this  morainic  belt  and  White  River  there  is  a  gently  undulating  plain 
several  miles  in  width.  Immediately  north  of  White  River  is  a  small 
moraine— the  Union  City  ridge — scarcely  a  mile  in  average  width, 
which  enters  the  State  at  Union  City  and  passes  westward  entirely 
across  the  county.  This  is  a  gently  undulating  ridge  25  to  50  feet  in 
height.  From  this  mocaine  northward  to  the  Mississinewa  River 
there  is  a  gently  undulating  plain  about  6  miles  in  width.  Immedi- 
ately north  of  the  Mississinewa  River  is  the  Mississinewa  moraine, 
which  extends  slightly  into  Randolph  County. 


*  The  present  pai>er  is  a  oonthmation  of  Wator-Snpply  and  Irrigation  Paper  No.  ^,  on  ''  Wells 
of  Northern  Indiana,'*  the  division  of  the  whole  into  two  papers  Ixsing  rendered  ne<te88ary  by  a 
itatatory  provision  which  limits  the  s^ze  of  a  single  imper  in  this  series  to  lUO  pages. 
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The  drift  of  this  county  is  composed  largely  of  a  compact  blue  till, 
though  in  its  deeper  portions  considerable  sand  is  encountered.  Tlie 
thickness  ranges  from  a  thin  coating  up  to  fully  300  feet.  Outcrops 
of  rock  occur  along  the  Mississinewa,  in  the  vicinity  of  Ridgeville, 
and  on  White  River,  near  the  west  line  of  the  county.  With  these 
exceptions  the  drift  forms  a  continuous  sheet,  and  probably  has  an 
average  thickness  of  fully  150  feet.  Twenty  borings  in  the  vicinity 
of  Winchester,  where  the  drift  is  scarcely  so  thick  as  in  the  southern 
portion  of  the  county,  show  an  average  of  136  feet  and  a  range  from 
70  to  334  feet. 

Individual  wells, — Along  the  Mississinewa  moraine^  on  the  north 
border  of  the  county,  several  wells  show  a  depth  of  t)0  t^)  100  feet 
before  entering  rock.     The  drift  is  mainly  a  blue  till. 

At  Ridgeville  wells  penetrate  30  or  40  feet  of  drift.  A  few  are 
obtained  without  entering  rock,  but  the  best  supply  is  to  be  found  in 
the  limestone.     Many  wells  are  obtained  at  a  depth  of  only  40  feet. 

On  the  plain  between  the  Mississinewa  moraine  and  the  Union 
City  ridge  wells  are  usually  obtained  at  less  than  40  feet,  and  are 
mainly  through  till. 

The  drift  in  the  vicinity  of  Union  City  ranges  from  60  feet  to  fully 
200  feet.  Ordinary  wells  at  Union  City  are  obtained  at  a  depth  of 
about  35  feet  in  gravel  beneath  the  blue  till.  The  waterworks  wells 
are  estimated  to  yield  about  1,500,000  gallons  each  per  day.  Two 
wells  supply  the  city. 

At  Winchester  the  dug  wells  are  often  obtained  at  a  depth  of  but 
10  or  20  feet,  and  water  is  usually  struck  at  7  to  10  feet.  Such  wells 
being  liable  to  contamination,  deeper  ones  have  been  sunk,  which 
obtain  water  near  the  top  of  the  limestone  at  about  100  feet. 

The  deepest  drift  yet  discovered  in  Randolph  County  was  found  in 
two  wells  about  1^  miles  west  and  northwest  from  Winchester.  In 
one  well  rock  was  struck  at  331  feet;  in  the  other  at  334  feet.  The 
upper  portion  of  the  drift  at  these  wells  is  till,  but  the  greater  part,  is 
sand  containing  water. 

Two  water  wells  a  short  distance  south  from  Winchester — one  at 
Frank  Moorman's,  the  other  at  Fountain  Park  Cemetery— do  not  reach 
rock  at  205  and  210  feet,  respectively.  One  boring  in  the  east  part  of 
Winchester  does  not  reach  rock  at  160  feet.  Aside  from  this,  the  wells 
within  the  city  limits  of  Winchester  all  enter  rock  at  less  than  150 
feet,  and  one  at  80  feet. 

At  Farmland,  in  the  western  part  of  the  county,  the  drift  in  two 
gas  wells  is  58  and  60  feet,  mainly  till.  Water  wells  are  obtained  at 
about  25  feet. 

At  the  village  of  Parker,  also  in  the  western  part  of  the  county, 
water  wells  usually  are  obtained  at  20  to  60  feet  in  thin  giavel  beds 
between  sheets  of  till.     A  boring  at  the  grist  mill,  however,  extends  to 
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the  rock  at  97  feet,  and  is  mainly  through  till.  A  gas-well  boring  in 
Parker  struck  rock  at  80  feet. 

At  the  village  of  Windsor,  on  White  River,  south  from  Parker,  the 
drift  is  mainly  sand  and  gravel,  and  a  gas- well  boring  shows  its  depth 
to  be  107  feet. 

At  Losantville,  on  the  moraine  in  the  southwestern  part  of  the 
county,  the  gas  boring  penetrates  240  feet  of  drift,  some  of  it  gravel, 
but  mainly  blue  till.  Water  wells  are  obtained  in  that  vicinity  at  20 
to  40  feet,  with  an  occasional  tubular  well  60  or  80  feet  in  depth. 

At  the  village  of  Lynn,  in  the  south  part,  of  the  county,  a  gas  bor- 
ing penetrates  117  feet  of  drift,  of  which  the  upper  50  feet  is  till  and 
the  remainder  sand  and  gravel.  Another  lK)ring  in  Lynn  strikes  rock 
at  124  feet,  and  its  section  is  similar  to  the  preceding. 

The  wells  on  the  moraine  in  southern  Randolph  County,  near  the 
State  line,  usually  obtain  water  at  20  to  30  feet,  occiisionally  at  50  to 
60  feet,  in  beds  of  gravel,  between  sheets  of  till. 

DELAWARE  COUNTY. 

General  staiement, — Delaware  Countj^  is  situated  in  the  eastern  part 
of  the  State,  immediately  west  of  Randolph  County.  It  has  an  area 
of  400  square  miles,  and  Muncie,  its  county  seat,  is  situated  near  its 
geographic  center.  The  northeastern  corner  is  crossed  by  the  Mis- 
sissinewa  moraine,  the  eastern  part  is  traversed  by  the  Union  City 
ridge,  and  the  southeast  comer  is  occupied  by  a  strong  moraine,  the 
continuation  westward  of  the  one  noted  in  southern  Randolph  County. 
There  are  several  sharp  gravelly  knolls  in  the  vicinity  of  Muncie 
and  an  esker  of  considerable  prominence  east  of  Royerton.  These 
moraines  and  other  knolls  and  ridges  are  confined  to  the  east^ern  half 
of  the  county.     The  western  half  is  a  gently  undulating  plain. 

The  strong  moraine  in  the  southeast  corner  of  the  county  is  com- 
posed largely  of  a  gravelly  drift,  but  aside  from  this  and  the  gravelly 
knolls  and  the  esker  above  noted  the  drift  of  the  county  is  mainly 
till.  Over  the  greater  part  rock  is  usually  struck  at  depths  of  50  feet 
or  less,  but  it  is  probable  that  on  the  moraine  in  the  southeastern 
comer  its  thickness  may  exceed  200  feet.  Many  gas  wells  in  the. 
vicinity  of  Muncie  enter  rock  at  less  than  20  feet,  and  rock  is  exposed 
extensively  along  the  Mississinewa  and  White  rivers  in  this  county. 
Even  if  allowance  be  made  for  the  existence  of  deep  valleys,  such  as 
are  encountered  near  Winchester,  the  thickness  of  the  drift  can 
scarcely  exceed  100  feet.  It  is  much  less  than  in  the  neighboring 
counties  on  the  north,  east,  and  south,  but  is  similar  to  the  shallow 
drift  of  southwestern  Grant  County  and  northern  Madison  County, 
situated  on  the  northwest  and  west. 

Wells  are  ordinarily  obtained  at  depths  of  20  ot  '60  l^Qi\»^  ^\X>cv«t  \sl 
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gravelly  deposits  near  the  base  of  the  drift  or  in  the  upper  part  of  the 
limestone.  So  far  as  the  writer  is  aware,  there*  are  few  if  any  watei 
wells  in  the  county  whose  depth  exceeds  60  feet. 

Individiud  welh. — At  Selma,  on  the  Union  City  ridge,  in  the  east 
part  of  the  county,  the  gas  boring  penetrates  92  feet  of  drift,  as  follows : 

Foet. 

1.  Yellow  till 12 

2.  Sand  with  water 8 

3.  Bluetai ..  12 

4.  Sand  and  gravel,  becoming  coarse  near  bottom 60 

Total 92 

At  Daleville  the  drift  is  85  feet,  but  wells  are  obtained  in  sand 
below  till  at  12  to  16  feet. 

Near  Wheeling,  in  the  northern  part  of  the  county,  wells  in  some 
cases  reach  a  depth  of  35  or  40  feet  without  entering  rock.  At  Mun- 
cie,  and  also  at  Shideler  and  Eaton,  wells  ordinarily  enter  ix)ck  at  15 
or  20  feet. 

The  waterworks  at  Muncie  obtain  their  supply  from  several  flowing 
wells  drilled  into  rock.  Three  8-inch  wells  are  estimated  to  have  a 
combined  daily  discharge  of  50,000  barrels.^ 

MADISON  COUNTY. 

General  statement — ^Madison  County  is  situated  in  the  east-central 
part  of  the  State,  immediately  west  of  Delaware,  with  Anderson  as  its 
county  seat.  It  has  an  area  of  450  square  miles.  The  entire  county 
is  a  gently  undulating  till  plain,  across  which  the  drainage  lin^s  pass 
in  a  westward  or  southwestward  course  in  narrow  channels  seldom 
cut  to  depths  of  more  than  75  or  100  feet  below  its  surface.  The 
eastern  border  of  the  county  rises  slightly  above  900  feet,  and  the 
western  is  fully  800  feet. 

Throughout  the  entire  county  rock  is  frequently  encountered  at 
depths  of  50  feet  or  less,  but  occasional  borings  have  shown  the 
existence  of  valleys  deeply  filled  with  drift,  which  are  now  completely 
obscured.  The  drift  is  largely  a  compact  till,  but  affords  a  sufficient 
amount  of  water-boaring  gravel  and  sand  to  supply  the  majority  of 
the  wells. 

Individual  weUs, — At  Summitville,  in  the  northern  part  of  the 
county,  a  gas-well  boring  penetrates  110  feet  of  drift,  of  which  the 
upper  15  feet  is  till  and  the  remainder  gravel.  Wells  are  usually 
obtained  in  this  gravel  soon  after  reaching  the  bottom  of  the  till. 
On  low  ground  in  the  west  part  of  the  village  the  wells  pass  imme- 
diately into  the  gravel  below  the  surface  soil  or  muck. 

A  gas  well  north  of  Summitville,  near  the  Grant  County  line,  j^ene- 
trates  70  feet  of  drift,  largelj^  till. 


*  Afanaa]  of  American  Watorworka. 
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At  Alexandria  wells  are  usually  obtained  in  the  rock  at  a  depth  of 
about  60  feet.  From  this  depth  water  rises  about  30  feet.  The  drift 
at  two  gas  borings  in  this  village  is  reported  to  be  22  feet  in  depth: 

Feet. 

1.  Gravel 6 

2.  Bine  till 16 

Total 22 

West  from  Alexandria  the  dug  wells  are  ordinarily  obtained  in  the 
drift  at  15  to  20  feet.     Tubular  wells  are  somewhat  deeper. 

At  Elwood  wells  enter  rock  at  depths  of  about  40  feet,  and  some 
obtain  water  at  75  to  150  feet.  In  such  wells  the  water  usually  rises 
nearly  to  the  level  of  the  bottom  of  the  drift.  The  waterworks  supply 
is  obtained  from  a  well  150  feet  in  depth  and  8  inches  in  diameter. 
This  well  is  estimated  to  yield  nearly  20,000  barrels  per  day.  An 
analysis  of  the  water  is  given  elsewhere.^ 

Several  gas  borings  at  Elwood  show  the  drift  to  range  from  40  feet 
or  less  up  to  108  feet.     One  well  having  56  feet  of  drift  penetrates — 

Feet. 

1.  TiU 15 

2.  Sand 4 

.3.  Blue  till.. 25 

4.  Sand 12 

Total 56 

At  Anderson,  the  county  seat,  the  ordinary  wells  range  in  depth 
from  15  feet  to  100  feet.  A  portion  of  the  citj'^  is  underlain  by  gravel, 
and  there  is  danger  of  contamination  in  the  shallower  wells.  In  the 
east  part  of  the  city  wells  in  gravel  are  60  to  75  feet.  In  the  south 
and  west  parts  the  wells  penetrate  till  to  a  depth  of  50  to  100  feet 
before  obtaining  a  strong  supply  of  water.  The  city  waterworks 
obtain  the  supply  from  the  White  River,  but  the  water  is  not  consid- 
ered suitable  for  domestic  purposes,  being  used  only  for  lawns  and 
streets  and  in  baths.  Several  fountains  are  maintained  in  the  city 
by  pumping  water  from  a  deep  well  in  White  River  Valley,  near  the 
waterworks  pumping  sta-tion.  It  is  forced  to  the  fountains  by  a  pump 
connected  with  the  waterworks  engine.  This  well  is  reported  to  have 
an  inexhaustible  supply,  and  is  objectionable  only  because  of  the  sul- 
phureted  hydrogen  which  its  water  contains. 

The  gas  wells  in  Anderson  have  drift  ranging  in  thickness  from  16 
feet  to  nearly  200  feet.  At  a  well  in  the  west  part  of  the  city,  in 
White  River  valley,  104  feet  of  drift  is  penetrated.  At  the  crossing 
of  the  Panhandle  and  the  Cincinnati,  Wabash  and  Michigan  railways, 
on  the  bluff  north  of  the  river,  191  feet  of  drift  was  penetrated.  A  well 
three  blocks  southwest  of  the  court-house  penetrates  91  feet  of  drift, 


'MUghteeDtbAnn.  Bept  U.  8.  Oeol.  8urvey,PartlV,v.  4». 
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entirely  gravel.  At  the  court-house  the  drift  is  48  feet,  and  is  entirely 
gravel.  A  well  west  of  th^  crossing  of  the  Bee  Line  and  Panhandle 
railways  penetrates  104  feet  of  drift,  of  which  the  upper  34  feet  is 
sand  and  gravel,  and  the  remainder  blue  till. 

In  several  wells  on  the  plain  2  or  3  miles  southeast  of  Anderson,  a 
bluish-black  muck,  resembling  a  soil  and  carrying  considerable  wood, 
is  reiK)rted  to  occur  at  depths  of  20  to  40  feet. 

At  Frankton,  in  Pipe  Creek  valley,  about  6  miles  northwest  from 
Andei*son,  a  gas  boring  penetrated  85  feet  of  drift. 

At  Huntsville  and  Pendleton,  in  the  valley  of  Fall  Creek,  alK)ut  8 
miles  south  of  Anderson,  rock  outcrops  (X'cur,  but  the  drift  in  some 
cases  is  00  feet. 

At  Markleville,  in  the  southeast  corner  of  the  county,  a  gas  well 
penetrates  147  feet  of  drift.  Water  wells  in  that  vicinity  are  obtained 
at  20  to  40  feet,  and  often  encounter  a  blue  mud,  carrying  wood. 

HAMILTON  COUNTY. 

General  statement. — Hamilton  is  the  center  county  of  the  State,  with 
Noblesville  as  its  county  seat,  and  has  an  area  of  400  square  miles. 
The  White  River  valley  traverses  the  southeastern  part  of  the  county. 
The  only  other  streams  of  importance  are  Cicero  Creek,  which  enters 
White  River  from  the  north,  near  Noblesville,  and  Fall  Creek,  which 
touches  its  southeastern  corner.  The  eastern  two- thirds  of  the  county 
is  nearly  level  and  stands  about  800  to  850  feet  above  tide.  In  the  west*- 
em  third  there  is  a  gradual  rise  to  a  higher  plain,  900  to  950  feet, 
which  occupies  much  of  Boone  and  Clinton  counties.  This  rise  is 
occasioned,  not  by  greater  elevation  of  the  underlying  rock,  but  by  a 
thickening  of  the  drift  deposits.  Indeed,  the  general  rock  surface 
lies  lower  in  the  western  part  of  the  county  than  in  the  central  and 
eastern,  as  shown  by  numerous  gas-well  borings.  The  upper  portion 
of  the  drift  in  this  county  is  principally  a  compact  till,  but  there  are 
small  areas  bordering  the  valley  of  White  River  in  which  the  till  is 
replaced  by  gravel.  There  are  also  gravelly  terraces  along  the  stream. 
The  deeper  portions  of  the  drift  throughout  the  county  appear  to 
carry  large  amounts  of  gravel  and  sand. 

Indiviihial  irells. — In  the  vicinity  of  Noblesville  the  drift  hjis  a 
known  range  from  33  feet  to  186  feet,  the  shallowest  drift  being  found 
about  a  half  mile  north  of  the  court-house,  in  the  valley  of  White 
River,  and  the  deepest  al)out  2  blocks  north  of  the  court-house,  at  the 
Evans  well.  In  both  wells  it  is  mainly  gravel.  A  well  in  the  valley, 
1^  miles  north  of  the  court-house,  penetrates  170  feet  of  drift,  mainly 
gravel,  but  having  40  feet  of  red  clay  at  bottom.  Several  wells  about 
2  miles  east  of  Noblesville  also  penetrate  a  gravelly  drift  and  enter 
rock  at  about  80  feet.  A  well  li  miles  west  of  this  city  penetrates  98 
/eel  of  drift,  mainly  till. 
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The  dug  wells  in  the  city  of  Noblesville  obtain  the  first  vein  of 
water  at  about  20  feet,  but  a  greater  quantity  and  better  quality  is 
obtained  at  a  depth  of  65  or  75  feet.  Wells  ai*e  therefore  often 
bored  to  that  depth.  The  city  waterworks  contains  an  inexhaustible 
supply  from  such  wells  at  a  depth  of  70  or  80  feet. 

At  Cicero,  6  miles  north  of  Noblesville,  two  gas  wells  reach  rock 
at  141  and  161  feet,  and  are  mainly  through  till.  A  well  1  mile 
south  of  Cicero  penetrates  270  feet  of  drift,  largely  sand  and  gravel, 
but  with  60  feet  of  hard  reddish  till  at  the  base. 

At  Fishers  Station,  6  miles  south  of  Noblesville,  a  gas  well  pene- 
trates 110  feet  of  drift. 

At  Carmel  the  drift  is  only  96  feet,  but  at  Westfield,  about  5  miles 
west  of  Noblesville,  one  gas  well  strikes  rock  at  196  feet  and  another 
at  220  feet.  The  drift  is  mainly  till  in  both  wells.  A  well  3  miles 
southeast  of  Westfield  penetrates — 

1.  Drift ,.. 95 

2.  Till .  - 20 

db  Sand  and  gravel 75 

Total 190 

At  Eagletown,  in  the  west  part  of  the  county,  a  gas- well  boring  pene* 
trates  200  feet  of  drift: 

Peet. 

1.  Till 160 

2.  Sand  and  water 20 

8.  Red  day 20 

Total -     200 

At  Jolietville  the  drift  is  about  200  feet  and  mainly  till. 
•    At  Sheridan  a  gas  well  penetrates  233  feet  of  drift: 

Peet. 

1.  Till 150 

2.  Sand  and  gravel,  with  water 40 

8.  Bed  clay,  with  white  pebbles 48 

Total - 233 

In  the  east  part  of  the  county,  at  Clarksville,  a  gas  well  enters  rock 
at  16  feet,  but  one  a  mile  north  of  the  village  penetrates  82  feet  of 
drift,  mainly  till. 

From  the  deep  sections  above  given  it  should  not  be  infeiTed  that 
water  wells  are  difficult  to  obtain,  for  throughout  much  of  the  county 
an  abundance  of  water  is  found  at  convenient  depths,  wells  seldom 
exceeding  40  feet. 

BOONE  COUNTY. 

ChnerdL  statement — Boone  County  is  situated  in  the  central  portion 
of  the  State,  immediately  west  of  Hamilton,  with  Lebanon  as  its 
county  seat.     It  has  au  area  of  420  square  miles.     Its  elevation  is 
somewhat  greater  than  the  counties  to  the  east  or  west,  aivOi  Wi^  N^^\«t 
parting  Y>etw00n  the  Wabash  and  White  rivers  travexH^a  \\»  <y6\iXit«^. 
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portion  from  north  to  south.  The  elevation  of  this  divide  is  due  not 
to  the  high  altitude  of  rock  strata,  for  gas  borings  have  shown  that  the 
rock  strata  have  a  greater  elevation  on  the  slope  toward  the  Wabash 
in  western  Boone  County  and  in  Montgomery  County  than  along  the 
divide.  So  far  as  known  to  the  writer  there  are  no  outcrops  of  rock  in 
the  county.  There  is  in  the  eastern  and  central  part  of  this  county,  as 
in  the  counties  to  the  east  and  north,  a  deposit  of  drift  250  to  300  feet  or 
more  in  thickness.  The  surface  of  the  county  is  almost  entirely  plane, 
there  being  only  occasional  low  swells  and  ridges  scarcely  exceeding 
20  feet  in  height. 

Individxuil  wells. — In  the  following  list  of  wells  are  included  sec- 
tions of  several  published  by  Messrs.  Gorby  and  Lee  in  the  fifteenth 
report  of  the  State  geologist.  But  few  well  records  were  personally 
obtained. 

In  sections  given  by  Gorby  and  Lee  it  appears  that  in  the  north- 
western part  of  the  county  there  is  in  many  places  a  bed  of  sand 
between  the  yellow  and  blue  till.  In  some  cases  the  sand  is  but  3  or  4 
feet  in  thickness,  but  it  occasionally  reaches  a  thickness  of  over  50 
feet.  There  is  usually  below  this  sand  a  thick  bed  of  blue  till  50  to 
150  feet.  The  following  wells  serve  to  illustrate  the  above  statements. 
Witt  and  Klizer's  well  at  Thorntown  penetrates — 

Foetb 

1.  Yellowday 21 

2.  Quicksand _ 4 

8.  Blueclay.. 125 

4.  Shale,  limestone,  etc _  193 


Total ._ 343 

Mr.  Duke's  well,  3  miles  north  of  Thorntown,  penetrates — 

Feet 

1.  Yellowtill - - 18 

2.  Qnicksand 13 

8.  Blueclay _ I53 

4.  Red  sandstone 3 


Total 186 

A  neighboring  well  at  Mr.  Wetherald's  has  a  similar  section.     A 
well  near  Union  Church,  3  miles  east  of  Thorntown,  penetrates — 

Feot 

1.  Yellowtill 27 

2.  Quicksand . . , 9 

3.  Bluetill 75 


Total 111 

Mr.  Frank  Harris's  well,  1  mile  south  of  Thorntown,  penetrates — 

Feet 

1.  Yellowtill 19 

2.  Quicksand 4 

3.  Bluetill 103 

4.  Cemented  gravel 16 

Total "l42 
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William  Mills's  well,  1  mile  west  of  Thomtown,  penetrates 


Feet. 

1.  Yellow  till - - 25 

55.  Qnicksand 3 

8.  Blue  till 80 

Total 108 

At  Charles  Moffit's,  1^  miles  west  of  Thorntown,  a  dry  gravel  was 
penetrated  for  44  feet  from  the  surface  and  the  boring  abandoned 
without  obtaining  water.  Robert  Woody's  well,  3^  miles  west  of 
Thorntown,  penetrates — 

Feet 

1.  Yellow  till 18 

2.  Fine  white  sand 55 

8.  Bine  till 7l 

4.  Limeetone ...^ : 3 

Total m 

In  the  vicinity  of  Sugar  Creek,  near  the  west  boundary  of  the 
county,  the  drift  is  only  20  to  40  feet  in  thickness,  and  is  underlain  by 
cherty  limestone. 

Wells  are  usually  obtained  in  the  village  of  Thomtown  at  20  to  28 
feet,  and  some  wells  at  a  depth  of  only  14  feet.  In  the  valley  bottom 
wells  are  mainly  through  sand  and  gravel,  but  on  the  bluffs  they  have 
sections  similar  to  those  noted  above. 

In  the  vicinity  of  Northfield,  in  the  northeastern  part  of  the  county, 
wells  are  usually  obtained  in  sand  or  gravel  below  a  yellow  till,  at 
depths  of  20  to  40  feet.  In  the  vicinity  of  Slabtown,  in  the  eastern 
part  of  the  county,  the  water  is  obtained  at  depths  varying  from  20 
feet  to  50  feet.  In  this  locality  some  blue  till  is  usually  penetrated 
above  the  water-bearing  gravel. 

A  well  about  midway  between  Slabtown  and  Elizaville  is  reported 
to  have  penetrated  a  swamp  muck  below  till  at  a  depth  of  about  60 
feet.  I'he  following  section  is  reported  by  the  well  borer,  Mr.  Ball,  of 
Thomtown: 

Feet. 
1.  Yellow  till 18 

a  Qnickaand 3 

8.  Bine  till 20 

4.  White  sand,  with  inflammable  gas 11 

5.  Bine  clay 6 

6.  Swamp  mnck,  leaves,  twigs,  etc 7 

7.  Bine  clay 19 

Total , 84 

A  similar  swamp  muck  was  penetrated  by  Mr.  Ball  in  a  well  for 
Mr.  Vandeveer,  6  miles  south  of  Lebanon.     The  well  penetrates — 

Feet. 

1.  Yellow  till 20 

2.  Bine  till 45 

3.  Swamp  mnck,  leaves,  twigs,  etc V\ 

4.  Blneclay 'SKk 

5.  Sandstone ^ 

Total,.. "^ 
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A  similar  muck  was  found  at  48  to  60  feet  in  a  well  4  miles  north  of 
Jamestown,  and  at  60  to  63  feet  in  a  well  2^  miles  north  of  Jamestown. 

At  the  village  of  Roston,  east  of  Lebanon,  wells  are  usually  obtained 
at  from  8  to  20  feet  in  sand  and  gravel  below  a  red  clay. 

In  the  vicinity  of  Ratsburg,  northeast  of  I^ebanon,  water  is  usually 
obtained  in  sand  below  a  gray  till  at  about  20  feet. 

At  Lebanon  the  wells  are  but  12  to  24  feet  in  depth,  with  an  average 
of  about  16  feet.  They  are  obtained  in  gravel,  which  has  scarcely  a 
sufficient  amount  of  clay  cover  to  insure  freedom  from  surface  con- 
tamination.    The  waterworks  wells,  however,  are  deeper. 

A  gas- well  boring  in  the  city  of  Lebanon  penetrates  342  feet  of  drift. 
The  specimens  of  the  different  kinds  of  material  were  examined  by  the 
writer,  and  the  following  section  was  determined: 

•  Feet 

1.  BlackBoil 2 

2.  YellowtilL. _ 9 

8.  Blue  till 15 

4.  Sand,  with  water 1^ 

5.  Ash-colored  till 77 

6.  Gravel ..- .,      8 

7.  Pale  ash-colored  till 50  to  55 

9.  A  darker  ash  or  gray  till,  with  some  sand  interbedded 176 

Total 342 

Below  the  drift  is  shale,  108  feet  in  depth,  beneath  which  limestone 
of  great  thickness  is  penetrated. 

Messrs.  Gorby  and  Lee  report  the  section  of  a  well  on  Washington 
street,  in  Lebanon,  108  feet  in  depth,  in  which  the  structure  is  remark- 
ably variable,  as  follows: 

Feet. 

1.  Soil  (probably  clay) 7 

2.  Yellow  sand 1 

3.  Yellowclay 8 

4.  Bine  sandy  clay 1 

5.  Sand 4 

6.  Bine  clay 8 

7.  Sand  and  gravel 4 

8.  Bine  and  gray  clays 26 

9.  Sandandclay 10 

10.  Bine  clay 23 

11.  Coarse  gravel 1 

12.  Blue  clay 25 

Total - 108 

A  well  on  D.  M.  Burns's  farm,  2  miles  north  of  Lebanon,  is  reported 
to  penetrate — 

Feet 

1.  Soil  and  yellow  till... 9 

2.  Gravel  and  sand _ 2 

3.  Bine  till -.- 22 

4.  Gravel 2 

5.  Gravel  and  clay. 8 

6.  Blnetill. 74 

Total. ^7^ 
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A  well  4^  miles  northeast  of  Lebanon  enters  rock  at  a  depth  of  285 
feet.     The  section  of  drift  was  not  ascertained. 

A  well  on  the  farm  of  Clairborno  Cain,  5  miles  west  of  Lebanon, 
failed  to  reach  rock  at  a  depth  of  243  feet.     It  penetrates — 

Feet 

1.  Soil  ftnd  yellow  till 17 

2.  Quicksand -. 5 

3.  Bine  till _ 51 

4.  Dry  gravel  with  inflammable  gas 5 

5.  Blue  till 1«5 

Total 243 

Obstructions  in  the  pipes  made  it  necessary  to  abandon  the  boring 
without  reaching  the  bottom  of  the  blue  till. 

At  the  village  of  Jamestown  wells  are  usually  obtained  at  25  to  30 
feet.  Gorby  and  Lee  report  the  following  sections  at  two  deeper  wells 
at  this  village.     A  well  at  the  sawmill  in  Jamestown  penetrates — 

Feet. 

1.  Sou  and  yellow  till ._ 11 

2.  Quicksand 1 

3.  Blue  till _ 28 

4.  Gravel 2 

5.  Blue  till 48 

Total 90 

A  well  at  the  gristmill  in  Jamestown  penetrates — 

Feet 

1.  Yellow  till 11 

2.  Sand 2 

3.  Blue  till 49 

Total 62 

Wells  at  New  Brunswick  are  reported  to  obtain  water  at  11  feet  to 
35  feet.  They  usually  penetrate  considerable  gravel  in  the  upper  10 
to  15  feet,  below  which  there  is  a  blue  clay  extending  to  the  waterbed. 

At  Milledgeville  the  wells  range  in  depth  from  12  feet  to  42  feet,  and 
obtain  water  in  sand  and  gravel  between  beds  of  till. 

At  Royalton  water  is  usually  obtained  at  depths  varying  from  10 
feet  to  40  feet.  Foster  and  Leap  had  a  well  bored  to  the  depth  of  96 
feet,  penetrating — 

Feet. 

1.  Soil  and  yellow  till 20 

2.  Gravel 5 

3.  Blue  till,  with  freqnent  thin  beds  of  sand  and  gravel 71 

Total 96 

A  well  at  a  sawmill  in  the  same  village,  107  feet  in  depth,  had  a 
similar  section. 

At  Zionsville  the  wells  are  20  to  60  feet,  and  are  usually  obtained 
from  thin  beds  of  gravel  between  till  sheets.     A  gas- well  boring  in 
Eagle  Greek  Valley,  near  Zionsville,  penetrates  165  feet  of  dT\i\»^  ol 
which  the  upper,40  teet  is  mainly  sand  and  gravel  au^  t\v^  x^xcL^wi^^x 
mainly  blue  till 
IBB2& 2 
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MONTGOMERY  COUNTY. 

Qeneral  statement. — Montgomery  County  is  situated  in  the  west- 
central  portion  of  the  State,  with  Crawfordsville  as  its  county  seat. 
It  has  an  area  of  504  8(iuare  miles.  The  altitude  is  somewhat  uniform, 
the  greater  part  of  the  county  standing  between  800  and  900  feet  above 
tide.  The  surface  is  generally  plane,  or  but  gently  undulating.  In 
the  northwestern  part,  however,  there  are  morainic  belts  of  consid- 
erable prominence.  Moraines  of  gentle  expression  also  occur  east 
and  southeast  of  the  strong  belts  and  traverse  the  eastern  part  of  the 
county.  The  thickness  of  the  drift  is  much  less  than  in  Boone 
County,  rock  being  exposed  on  many  of  the  streams  at  levels  50  feet 
or  less  below  the  bordering  upland.  There  are,  however,  very  deep 
valleys  traversing  the  county,  whose  courses  do  not  coincide  with 
those  of  the  present  system  and  which  are  so  completely  obscpred  by 
the  drift  deposits  which  fill  them  as  to  be  known  only  where  deep  bor- 
ings have  been  made  in  them.  One  of  these  valleys  is  brought  to 
light  by  borings  in  the  vicinity  of  Crawfordsville.  The  drift  of  this 
county  is  apparently,  in  the  main,  a  compact  till,  in  which  only  thin 
beds  of  sand  or  gravel  occur.  Exposures  along  Sugar  Creek,  in  the 
vicinity  of  Crawfordsville,  show  sheets  of  different  constitution  and 
age,  testifying  to  more  than  one  invasion  of  the  ice.  The  county  is 
well  supplied  with  springs  along  its  valleys,  some  being  from  lime- 
stone ledges  and  some  from  gravel  in  the  Glacial  drift. 

Individtial  wells. — Over  much  of  the  northern  part  of  the  county 
wells  are  obtained  at  depths  of  12  to  20  feet  in  beds  of  sand  or  gravel 
below  the  yellow  till.  They  seldom  reach  a  depth  of  50  feet.  A  weU 
at  Pleasant  Hill,  in  the  northwest  corner  of  the  county,  47  feet  in 
depth,  penetrates  a  soft  till  for  37  feet,  beneath  which  a  much  harder 
till  is  encountered. 

Along  a  morainic  belt  in  the  western  part  of  the  county,  near 
Alamo,  wells  occasionally  reach  a  depth  of  70  feet,  mainly  through 
till'. 

In  the  vicinity  of  Crawfordsville  several  gas  wells  have  been  drilled. 
One  at  Crawfordsville  Junction  penetrates  140  feet  of  drift,  as  follows: 

Feet. 

1.  Yellow  till - 12 

2.  Soft  blue  till 60 

3.  Hard  blue  till  with  gravelly  beds -_64 

4.  Gravel 4 

Total 140 

An  attempted  boring  in  section  33,  near  Crawfordsville,  penetrated 
till  50  feet  and  then  entered  a  bed  of  quicksand,  which  continued  at 
least  to  a  depth  of  240  feet,  where  the  well  wa^s  abandoned.  A  boring 
in  Sugar  Creek  Valley,  near  Crawfordsville,  has  about  200  feet  of  drift, 
mmn^y  sand  and  gravel.     Near  the  bottom  there  was  a  gray  silt  or 
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mud.  In  this  connection  it  should  be  noted  that  rock  outcrops  occur 
within  a  mile  north  of  Crawfordsville  at  a  higher  elevation  than  the 
mouth  of  the  gas  boring  just  mentioned. 

The  waterworks  at  Crawfordsville  obtain  the  main  supply  from 
Van  Cleve's  springs.  The  water  is  collected  in  an  impounding  reser- 
voir, from  which  it  is  pumped  to  the  standpipe.  Wells  are  also  drawn 
upon,  but  the  depth  has  not  been  ascertained.  The  private  wells  of 
the  city  vary  greatly  in  depth  and  are  obtained  from  beds  of  sand  or 
gravel  between  sheets  of  till. 

In  the  southern  half  of  the  county  wells  ordinarily  obtain  water  at 
25  to  30  feet  in  gravel  or  sand  beds  associated  with  the  till.  131ue  till 
is  entered  at  about  15  feet.  Wells  50  feet  in  depth  are  rare.  Near 
Wayland  rock  is  sometimes  struck  at  20  or  30  feet,  but  a  well  in  the 
village  does  not  reach  rock  at  50  feet. 

FOUNTAIN   COUNTY. 

General  stateineni. — Fountain  County  is  situated  near  the  middle  of 
the  western  part,  of  the  State,  immediately  south  and  east  of  the  great 
bend  of  the  Wabash  River,  that  stream  forming  its  north  and  west 
boundaries.  The  area  is  390  square  miles.  Covington,  the  county 
seat,  is  situated  at  the  west  line  of  the  county. 

The  greater  portion  is  a  very  smooth  plain  underlain  by  till.  There 
are,  however,  small  morainic  ridges  traceable  across  the  county.  One 
leads  in  a  southeastward  course  from  Attica  across  its  northeastern 
comer.  This  belt  has  a  width  of  2  or  3  miles  and  consists  of  a  series 
of  knolls  and  low  ridges  seldom  more  than  25  feet  in  height  and  rather 
loosely  aggregated.  A  narrower  morainic  line  is  found  along  Coal 
Creek,  in  the  southwest  part  of  the  county.  This  belt  apparently 
separates  into  two,  one  of  which  follow^  the  west  border  of  Coal  Creek 
northward  to  the  Wabash,  while  the  other  passes  eastward,  through 
Rynear  and  Hillsboro,  into  Montgomery  County. 

TThroughout  much  of  the  county  rock  is  encountered  at  depths  of 
40  or  50  feet  or  less.  Many  wells  in  the  northern  portion  find  their 
water  at  the  base  of  the  drift  at  about  20  feet.  Nearly  all  the  streams 
of  the  county  have  outcrops  of  rock  along  them  at  levels  only  30  to  50 
feet  above  the  bordering  uplands.  It  is  thought  that  the  average 
thickness  of  the  drift  can  not  much  exceed  50  feet. 

There  are  numerous  strong  springs  along  the  Wabash,  issuing  either 
from  sandstone  or  from  drift  gravel. 

Indmiduol  wells. — At  Attica  a  strong  artesian  well  has  been  obtained 
in  the  valley  of  the  Wabash  River,  which  supplies  an  excellent  quality 
of  water  amply  sufficient  for  the  city.  A  large  part  of  the  population 
are  in  the  habit  of  obtaining  water  from  this  well.  A  satisfactory 
record  of  the  boring  could  not  be  obtained  at  the  time  of  my  visit, 
but  it  enters  rock  strata. 

On  the  upland^i  south  of  Attica  wells  are  usually  ob\«LVii^OL  a\>  "2.1  \>o 
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36  feet  and  are  mainly  through  till.  In  some  localities,  however,  as  in 
sees.  1  and  2,  T.  20,  R.  8  W.,  wells  enter  sand  below  till  at  a  depth  of 
but  10  to  15  feet  and  continue  in  sand  to  a  depth  of  25  to  40  feet, 
where  water  is  obtained.  In  section  11  of  this  township  wells  strike 
shale  at  18  to  20  feet.  In  section  8  they  enter  blue  till  at  G  or  8  feet 
and  reach  a  water-bearing  sand  at  15  feet  to  25  feet.  One  well  on  the 
Wabash  bluffs,  near  Attica,  in  sec.  34,  T.  22,  R.  7  W.,  reaches  a  depth 
of  60  feet  without  encountering  rock. 

Wells  on  the  uplands  east  of  Stone  Bluff  enter  rock  at  about  20 
feet.  In  the  valley  of  Coal  Creek,  at  Stone  Bluff  and  Chambersburg, 
water  is  obtained  in  gravel  and  sand  at  a  depth  of  30  or  35  feet. 

At  Veedersburg  the  wells  vary  in  depth  from  20  feet  up  to  70  feet. 
They  are  mainly  through  blue  till  and  seldom  strike  rock. 

At  Covington  wells  are  obtained  in  gravel  at  60  or  60  feet.  The 
waterworks  supply  is  from  springs.  An  artesian  well  boring  near  the 
court-house,  at  an  altitude  65  .feet  above  low  water  in  the  Wabash, 
has  a  depth  of  358  feet,  terminating  in  the  conglomerate  sandstone. 
It  penetrates  85  feet  of  drift,  of  which  the  upper  74  feet  is  gravel  and 
the  lower  11  feet  blue  till.  The  well  does  not  overflow.  The  water 
is  called  "sulphur  water."    But  little  use  is  made  of  it  at  present. 

Several  wells  in  Mill  Creek  Township,  in  the  southern  part  of  the 
county,  are  reported  to  enter  a  black  muck  below  till  at  about  25  feet. 
Beneath  this  muck  is  another  till  sheet  harder  than  the  one  above  it. 

Borings  for  coal  in  the  northeastern  part  of  Fountain  County  are 
reported  by  Dr.  Brown  ^  to  reach  a  depth  of  100  to  130  feet  in  several 
cases  before  entering  rock,  though  in  the  vicinity  I'ock  is  usually 
found  at  20  to  40  feet  from  the  surface. 

A  salt-well  boring  in  sec.  4,  T.  18,  R.  8  W.,  was  sunk  to  a  depth  of 
1,004  feet  and  passed  several^veins  of  salty  water,  the  firat  being  at  a 
depth  of  only  72  feet.     The  drift  at  this  point  is  40  feet  in  depth. 

A  boring  near  Lodi,  on  the  southern  border  of  the  county,  was  sunk 
to  a  depth  of  1,155  feet,  and  obtains  a  strong  flow  of  salt  water.  There 
is  also  a  strong  flow  of  sulphur  water,  struck  at  a  depth  of  1,051  feet. 
The  analysis  of  the  water  from  this  well  is  given  elsewhere.^ 

VERMILION    COUNTY. 

Oeneral  statement. — Vermilion  County  is  situated  near  the  middle 
of  the  west  border  of  the  State,  and  occupies  a  narrow  strip  between 
the  Wabash  River  and  the  State  line,  the  length  of  the  county  l)eing 
36  miles  and  the  width  6  to  10  miles.  Its  area  is  270  square  miles. 
The  greater  part  of  the  county  is  a  till  plain,  standing  about  200  feet 
above  the  Wabash  River.  It  is  crossed,  however,  from  west  to  east 
by  two  small  moraines,  one  foUox^ing  the  south  boi-der  of  the  Big 
Vermilion  Valley,  the  other  the  south  border  of  the  Little  Vermil- 


'  Eleventh  Ann.  Kept.  Indiana  Geol.  Survey,  p.  IW. 
'Eightoonth  Ann.  Bept.  U.  S.  G«ol.  Survey,  Part  IV,  p.  488. 
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ion.  The  former  comes  to  the  Wabash  Valley  at  Eugene,  the  latter 
at  Newport,  the  county  seat.  In  the  northern  portion  of  the  county 
the  gravel  terraces  of  the  Wabash,  standing  75  to  100  feet  above  the 
river,  extend  back  a  mile  or  more  from  the  stream.  There  are  also 
extensive  remnants  of  the  gravel  terrace  near  Clinton,  in  the  southern 
part  of  the  county. 

Itidinidual  wells, — On  the  till  plain,  in  the  northern  part  of  the 
county,  wells  enter  a  blue  till  at  about  6  or  8  feet,  and  obtAin  water 
in  the  beds  of  gravel  or  sand  associated  with  the  till  at  depths  of  15 
to  25  feet.  There  are  very  few  deep  wells,  though  the  record  of  one 
56  feet  in  depth  was  obtained.  This  is  situated  near  the  State  line, 
in  the  northwest  corner  of  the  county,  and  is  mainly  through  blue  till. 

Wells  on  the  gravel  terrace  of  the  Wabash,  in  the  northern  part  of 
the  county,  are  often  sunk  to  depths  of  60  or  80  feet,  and  occasionally 
100  feet,  through  sand  and  gravel,  before  entering  a  water  bed.  In 
passing  westward  from  the  river  the  gravel  becomes  shallower,  and 
till  is  encountered  before  reaching  the  level  of  the  river.  It  is  not 
rare  to  find  beds  of  muck  containing^  wood  and  leaves  at  the  base  of 
the  gravel.  This  muck  is  thought  to  be  an  interglacial  flood-plain 
covered  by  glacial  gravels  of  a  later  invasion. 

In  the  villages  of  Eugene  and  Cayuga,  which  are  situated  on  a  low 
terrace  of  the  Wabash  near  the  mouth  of  Big  Vermilion  River,  wells 
are  ordinarily  obtained  at  40  feet  or  less,  at  about  the  level  of  the 
Wabash  River. 

On  the  uplands  west  of  Eugene,'in  section  8,  and  at  an  altitude 
about  160  feet  above  the  Wabash  River,  a  boring  241  feet  in  depth 
failed  to  reach  rock  or  obtain  water.  It  was  mainly  in  a  compact 
bine  till. 

At  Newport  the  wells  range  in  depth  from  12  feet  to  88  feet,  and 
obtain  water  in  gravel  between  sheets  of  till. 

At  Clinton  wells  are  usually  sunk  to  a  depth  of  60  to  75  feet  in  gravel, 
and  obtain  water  at  about  the  level  of  the  Wabash  River.  A  lx)ring 
for  coal  at  this  village,  made  on  the  low  bottom  of  the  Wabash,  pene- 
trated 100  feet  of  drift  before  entering  rock. 

On  the  uplands,  in  the  southern  part  of  the  county,  wells  are  ordi- 
narily obtained  at  about  30  feet,  in  gravel  between  till  sheets. 

PARKE  COUNTY. 

General  statemerd, — Parke  County  is  situated  in  western  Indiana, 
immediately  opposite  the  southern  portion  of  Vermilion  County,  on 
the  east  side  of  the  Wabash  River.  It  has  an  area  of  440  square 
miles.     Rockville  is  the  county  seat. 

Several  large  creeks  traverse  the  county  in  a  northeast  to  south-    i 
west  direction  in  valleys  cut  to  a  level  100  to  150  feet  belovf  Wi^  \i«t-     . 
dering  uplands,  and  these  streams,  with  their  nunieTows  \,T'\\>w\»it\^%^ 
eBuae  a  somewhat  broken  surfa^ce.     Between  the  streataa^Ywo^er^^t^ 
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there  are  strips  of  level  upland,  preserving  the  original  elevation 
of  the  plain.  A  series  of  drift  ridges  traverse  the  central  portion  of 
the  county  in  a  northeast  to  southwest  direction.  These  ridges  are 
but  30  to  50  feet  higher  than  bordering  plaiuH  and  have  a  gently  undu- 
lating surface.     They  are,  therefore,  not  conspicuous  features. 

The  southern  portion  of  this  county  extends  beyond  the  limits 
of  the  Wisconsin  drift  sheet  and  it«  surface  is  covered  with  a 
nearly  pebbleless  whit«  clay,  several  feet  in  thickness,  which  rests 
upon  a  sheet  of  older  drift  of  lUinoian  age.  The  central  and  north- 
ern portions  of  the  county  and  a  narrow  belt  along  the  Wabash,  in 
the  southern  portion,  are  covered  by  the  later  sheet  of  till.  Wells  are 
often  obtained  at  the  junction  of  the  two  drift  sheets  at  depths  of 
20  to  40  feet  on  plane  tracts  and  somewhat  greater  depth  on  the 
moraines  or  drift  ridges.  The  later  drift  is  readily  distinguished 
from  the  earlier  by  its  softness  and  its  fresher  appearance.  Wells 
may  be  readily  spaded  or  bored  in  the  newer  drift,  while  in  the  older 
a  drill  or  pick  must  be  substituted.  The  hardness  of  the  older  till 
sheet  is  largely  due  to  a  partial  cementation  with  carbonate  of  lime. 

The  thickness  of  the  ^ritt  varies  greatly,  not  because  of  variation 
in  the  surface  elevation,  but  because  of  the  greatly  eroded  rock  sur- 
face upon  which  the  drift  lies.  There  are  numerous  outcrops  along 
streams  at  levels  only  50  to  75  feet  below  the  general  level  of  the 
upland,  but  it  is  probable  that  the  average  thickness  of  the  drift  of 
the  county  exceeds  100  feet. 

Springs  are  not  so  numerous  or  strong  as  in  the  adjoining  counties, 
Fountain  and  Montgomery,  and  are  not  an  important  water  resource. 

I7idividual  wells, — Wells  are  usually  obtained  in  beds  of  sand  and 
gravel,  between  sheets  of  drift  or  near  the  base  of  the  drift,  at  depths 
varying  from  10  or  15  feet  up  to  100  feet  or  more.  The  knowledge  of 
the  thickness  of  drift  is  obtained  from  coal  shafts  or  test  borings  for 
coal  rather  than  wells,  there  being  numerous  shafts  and  borings  in 
the  southern  part  of  the  county. 

In  the  northeastern  part  of  the  county,  on  the  plain  north  of  Sugar 
Creek,  wells  are  usually  obtained  at  about  30  feet.  They  enter  blue 
till  at  12  or  15  feet. 

On  the  plain  south  of  Sugar  Creek  records  of  several  wells  show  a 
depth  of  30  to  36  feet,  but  in  the  village  of  Annapolis  the  wells  sel- 
dom reach  30  feet. 

In  the  northwest  part  of  the  county,  on  the  bluffs  of  the  Wabash, 
wells  are  occasionally  50  feet  in  depth.  One  of  these  wells,  a  mile 
north  of  the  mouth  of  Sugar  Creek,  at  an  altitude  150  feet  above  the 
Wabash  River,  has  the  following  section : 

Feet 

1.  Sand 8 

2.  Gravel 10 

A  8and 25 

4.  BJuetni 5 

Total .  »& 
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The  amount  of  sand  at  this  point  is  exceptional,  though  there  is 
generally  a  narrow  belt  of  sand  along  the  immediate  brow  of  the  bluff. 

At  the  village  of  Howard,  on  a  terrace  80  feet  above  the  Wabash, 
wells  obtain  water  near  the  bottom  of  the  gravel  at  about  40  or  50 
feet.  At  Lodi,  on  a  lower  terrace,  35  feet  above  river  level,  wells  are 
obtained  at  35  or  40  feet.  Near  West  Union,  also  on  a  high  terrace, 
wells  obtain  water  at  75  feet,  or  about  the  river  level. 

At  Montezuma  an  artesian  well  1,707  feet  in  depth,  situated  on  a 
terrace  of  the  Wabash  about  50  feet  above  the  river,  penetrates  128 
feet  of  drift.  Salt  water  was  struck  at  a  depth  of  298  feet  and  at 
lower  levels,  and  sulphur  water  at  1,205  feet.  The  w^ter  has  a  head 
at  least  100  feet  above  the  mouth  of  the  well.  The  ordinary  wells  at 
Montezuma  are  usually  obtained  at  a  depth  of  about  60  feet  in  the 
gravel,  but  have  a  range  from  30  feet  to  70  feet. 

At  Bloomingdale  wells  are  obtained  at  a  depth  ranging  from  12  feet 
to  fully  60  feet.  Ordinarily  the  water-bearing  sand  and  gravel  is 
found  beneath  the  yellow  till  at  10  to  16  feet.  The  deeper  wells  pene- 
trate blue  till.     Sandstone  is  occasionally  struck  at  about  50  feet. 

On  a  morainic  ridge  near  Marshall  wells  are  usually  obtained  at 
30  feet  or  less. 

In  the  vicinity  of  BeUmore  wells  sometimes  enter  rock  at  about  30 
feet.     Usually  water  is  obtained  without  penetrating  the  rock. 

At  Rockville,  the  county  seat,  there  is  no  definite  horizon  at  which 
wells  are  obtained,  those  on  adjoining  lots  varying  greatly  in  depth 
and  in  the  character  of  material  penetrated.  The  depth  ranges  from 
15  feet  to  about  75  feet.  Ordinarily  wells  reach  the  bottom  of  the 
newer  drift  at  about  25  feet,  and  encounter  considerable  wood  at  that 
horizon.  A  gas- well  boring  located  in  the  higher  part  of  town  pene- 
trates 96  feet  of  drift.  A  well  on  the  moraine  just  west  of  Rockville 
has  158  feet  of  drift,  of  which  the  upper  35  or  40  feet  is  newer  drift 
and  the  lower  125  feet  is  the  older  drift.  A  well  2  miles  southwest  of 
Rockville,  92  feet  in  depth,  penetrates  a  soft  till  17  feet,  beneath  which 
is  a  hard  till  whose  bottom  is  not  reached. 

The  city  of  Rockville  contemplates  waterworks  from  deep  wells 
bored  in  a  valley  east  of  the  city.  Two  borings  260  feet  in  depth 
have  been  sunk  for  the  purpose  of  obtaining  a  supply,  but  the  supply 
scarcely  seems  adequate. 

Wells  along  the  morainic  ridge  on  the  east  bluff  of  the  Wabash 
River  in  the  south  part  of  the  county  have  in  several  instances  passed 
through  a  black  soil  below  the  newer  till  sheet  at  about  the  level  of  the 
base  of  the  morainic  ridge.  The  distance  to  the  soil  varies  in  the  diff  er- 
•  ent  wells  with  the  variations  in  elevation  of  the  ridge,  and  there  is  a 
known  range  from  17  to  75  feet.  Often  water  is  obtained  at  slight 
depth  beneath  this  buried  soil  from  the  upper  portion  of  the  old^Y 
drift  sheet. 

On  the  uplands  west  of  Rosedale  coal  shafts  penetxalfe  ^0  \»  1^  1^^^ 
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of  drift,  mainly  till  and  entirely  in  the  older  drift  sheet.     Wells  are 
obtained  in  the  village  of  Rosedale  at  depths  of  12  to  25  feet. 

In  the  southeastern  part  of  the  county  coal  shafts  often  encounter 
much  sand  and  gravel  in  the  lower  portion  of  the  drift  at  depths  of 
30  to  60  feet  from  the  surface.  Wells  range  in  depth  from  20  to  100 
feet,  but  are  usually  obtained  at  less  than  30  feet.  Mr.  Minchell's 
well,  in  section  30,  Jackson  Township,  62  feet  in  depth,  jx^uetrates — 

Feet. 

1.  Snrfaoe  clay  and  till 15 

2.  Hard  blue  till... 45 

3.  Sand  with  water 2 

Total * 63 

A  boring  in  section  24  of  an  adjoining  township  on  the  west,  96 
feet  in  depth,  penetrates — 

Feet 

1.  Surface  sand 17 

2.  Hard  blue  till 29 

3.  Sand  and  gravel - 10 

4.  Hard  blue  till 16 

5.  Sand  and  gravel 4 

6.  Hard  blue  till 90 

Total 1 96 

PUTNAM  COUNTY. 

Oeneral  statement, — Putnam  CJounty  is  situated  in  the  west  central 
part  of  the  State,  with  Greencastle  as  its  county  seat.  It  has  an  area 
of  490  square  miles.  The  southern  portion  of  the  county  is  moderately 
hilly,  there  being  insufficient  drift  to  fill  the  preglacial  valleys.  The 
northern  portion,  although  nearly  as  elevated  as  the  southern,  has  a 
comparatively  smooth  surface,  a  result  of  the  greater  amount  of  drift 
filling.  The  hilly  southern  portion  of  the  county  carries  only  the 
older  drift  sheet.  The  northern  portion  carries  also  the  newer  drift. 
The  southern  boundary  of  the  newer  drift  passes  from  northwest 
to  southeast  across  the  central  portion  of  the  county,  entering  on 
the  west  about  10  miles  from  its  north  boundary  and  leaving  the 
county  on  the  east  about  5  miles  from  its  south  boundary.  Tlie  city 
of  Greencastle  is  situated  very  near  the  border  of  this  later  sheet  of 
drift.  Both  drift  sheets  are  composed  largely  of  till,  but,  as  in  Parke 
County,  the  older  drift  is  much  harder  to  penetrate  than  the  newer. 
The  thickness  of  drift  in  the  portion  w^here  both  sheets  are  present 
probably  averages  not  less  than  100  feet,  though  there  are  numerous 
places  where  the  rock  is  entered  at  10  or  20  feet  or  less.  In  the  south- 
ern portion  of  the  county,  where  only  the  older  drift  is  present,  the 
thickness  on  hills  and  ridges  seldom  reaches  20  feet,  but  in  the  valleys 
or  lowlands  it  is  much  thicker  and  probably  in  some  cases  exceeds 
100  feet.  The  wells  in  this  portion  of  the  county  usually  obtain  water 
J/2  the  rock  when  on  the  hills  and  ridges,  but  when  cm  lowlands  they 
obtuin  water  in  the  drift. 
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There  are  a  few  springs  along  the  valleys,  but  they  seldom  consti- 
ute  an  important  water  resource, 

Inditndiuil  wells, — At  Fincastle,  in  the  northern  part  of  the  county, 
srells  on  the  low  ground  find  no  rock  at  30  feet,  but  south  from  this 
illa^e  on  the  higher  ground  rock  is  struck  at  20  or  30  feet.  In  sec.  8, 
r.  15,  R.  4  W.,  a  well  in  a  valley  obtains  a  flow  at  20  feet  without 
.ntering  rock. 

In  the  vicinity  of  Bainbridge,  on  an  elevated  ridge,  several  wells 
each  a  depth  of  80  feet  before  entering  rock.  Two  such  wells  are 
bund  in  the  village,  one  at  a  sawmill  and  the  other  just  north  of  the 
•ailway  depot.  About  a  mile  northeast  of  Bainbridge,  on  ground 
probably  40  feet  lower,  wells  enter  rock  at  a  depth  of  20  feet. 

Records  of  several  wells  were  obtained  in  the  southwestern  part  of 
he  county  on  nearly  plane  tracts  outside  the  limits  of  the  later  drift 
iheet,  which  enter  rock  at  about  20  feet. 

On  the  hills  in  the  southern  part  of  the  county  wells  drilled  into  the 
•ock  range  in  depth  from  20  feet  or  less  up  to  fully  100  feet.  There  is 
apparently  no  definite  horizon  at  which  water  may  be  obtained.  In 
he  northern  portion  of  the  county  wells  are  seldom  drilled  far  into 
he  rock  before  obtaining  water. 

HENDRICKS   COUNTY. 

Oeneral  statement, — Hendricks  County  is  situated  in  the  central 
)ortion  of  the  State,  immediately  east  of  Putnam  County.  Its  county 
;eat,  Danville,  is  near  the  geographic  center.  It  has  an  area  of  400 
iqnare  miles.  This  county  was  entirely  covered  by  the  ice  at  its  later 
iS  well  as  its  earlier  invasion,  and  has  in  consequence  a  smooth  sur- 
!ace,  with  the  preglacial  ridges  and  valleys  almost  concealed.  A 
noraine  of  moderate  proportions  traverses  the  northwestern  part  of 
ihe  county  in  a  northwest  to  southeast  direction,  passing  just  west  of 
he  city  of  Danville.  It  fades  away  a  few  miles  south  of  Danville 
nto  a  gently  undulating  plain,  where  its  continuation  is  traceable 
jhiefly  by  the  belt  of  bowlders  which  is  an  accompaniment  of  the 
norainic  belt.  The  breadth  of  this  moraine  is  2  to  5  miles,  being 
vridest  in  the  vicinity  of  Danville.  Aside  from  this  belt,  the  county 
las  a  gently  undulating  surface. 

The  drift  is  principally  a  compact  till,  though  there  are  small  areas 
n  which  it  assumes  a  gravelly  constitution.  In  its  deeper  portions 
ilso  it  often  contains  considerable  sand  and  gravel.  There  are  few 
[)laces  in  which  the  writer  was  able  to  distinguish  the  older  from  the 
lewer  drift  in  this  county,  and  it  is  thought  that  the  greater  portion 
>f  the  drift  belongs  with  the  later  ice  invasion.  In  the  southern  por- 
tion of  the  county  rock  is  often  struck  in  wells  at  depths  of  20  to  50 
feet,  but  in  the  northern  portion  the  rock  appears  to  be  buried  to  a 
lepth  of  100  to  150  feet. 

Individtml ivells.—'At  North  Salem,  in  the  nort\iwes\ifeTTv i^axV) ol \>aft 
oantjr,  records  of  two  deep  wells  were  obtained,  one  70  ie^t)  A^^  o'Ockfex 
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85  feet,  neither  of  which  entered  rock  and  both  were  mainly  through 
blue  till.     Wells  in  that  village  are  often  obtained  at  about  20  feet. 

At  Lizton,  and  also  at  Brownsburg,  in  the  northern  part  of  the 
county,  the  wells  are  obtained  at  shallow  depths,  seldom  so  much  as 
40  feet.  In  the  farming  districts,  also,  wells  are  obtained  usually  at 
shallow  depths.  The  great  thickness  of  drift  in  the  northern  part  of 
the  county  has  been  made  kno\^Ti  by  gas  borings,  of  which  there  are 
several. 

At  Plainfield,  in  the  eastern  part  of  the  county,  wells  are  usually 
obtained  at  35  or  40  feet,  though  some  are  of  less  depth.  Rock  is 
struck  in  the  gas  boring  at  about  90  feet. 

At  Danville  the  waterworks  obtAins  its  supply  from  flowing  wells 
110  feet  in  depth,  which  do  not  reach  the  rock.  A  3-inch  well  is  esti- 
mated to  furnish  about  2,000  barrels  per  day.  There  are  two  3-inch 
wells  and  two  2-inch  wells  in  use.  Private  wells  are  obtained  in  Dan- 
ville at  about  40  feet.     A  well  at  the  court-house  penetrates 


Feet 

1.  Yellow  tUl 15 

2.  Blue  till 35 

8.  Sand  and  gravel 5 

Total 45 

The  gas  borings  at  Danville  penetrate  about  160  feet  of  drift. 

At  Clayton  wells  are  obtained  at  10  to  25  feet.  They  are  mainly 
through  till,  but  some  have  considerable  sand  and  gravel. 

At  Amo  wells  40  to  50  feet  in  depth  do  not  reach  rock.  They  usu- 
ally penetrate  about  25  feet  of  yellow  till.  On  the  plain  north  of  Amo 
a  blue  till  is  struck  at  10  or  15  feet. 

At  Coatsville  wells  are  mainly  through  till  to  a  depth  of  25  or  30 
feet  without  striking  rock.  A  well  1  mile  south  of  this  village,  how- 
ever, enters  rock  at  8  feet. 

At  Reno  two  wells  enter  rock  at  about  25  feet,  but  several  obtain 
water  in  the  drift. 

A  well  on  an  elevated  point  about  5  miles  north  of  Reno  strikes 
rock  at  70  feet,  but  a  neighboring  well  on  lower  ground  does  not 
strike  rock  at  90  feet.  There  are  outcrops  of  rock  along  the  creek  in 
Sec.  29,  T.  16,  R.  2  W.,  in  the  neighborhood  of  these  wells. 

MARION   COUNTY. 

General  statement, — Marion  County  is  situated  just  south  of  the 
center  of  the  State,  with  Indianapolis,  the  State  capital,  and  also  the 
county  seat,  near  its  geographic  center.  It  has  an  area  of  400  square 
miles.  White  River  traverees  the  county  nearly  centrally  from  north 
to  south.  Throughout  much  of  its  course  in  the  county  it  is  l)ordered 
by  a  broad  gravel  plain,  averaging,  perhaps,  2  miles  in  width,  though 
much  narrower  at  the  northern  border.  This  gravel  plain  is  under- 
JaJn  by  tiU,  and  the  entire  county  is  covered  thickly  with  a  sheet 
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of  compact  till.  In  a  few  places  rock  is  struck  at  30  to  50  feet,  but 
throughout  much  of  the  county  the  drift  exceeds  100  feet,  and  in 
places  is  about  250  feet  in  thickness.  In  the  southern  and  south- 
eastern part  the  surface  is  more  undulatory  than  in  the  northern  and 
western  part,  swells  20  or  30  feet  in  height  being  numerous,  while 
occasional  ridges  reach  a  height  of  50  or  75  feet.  This  undulatory 
drift  is  continued  on  the  east  in  a  more  shai-ply  defined  morainic 
belt,  of  which  mention  is  made  in  the  reports  on  Hancock,  Henry, 
and  Randolph  counties.  West  from  White  River  this  belt  is  very 
p<K>rly  defined,  and  some  uncertainty  is  felt  concerning  its  line  of 
continuation. 

The  dug  wells  in  this  county  are  often  obtained  at  a  depth  of  10  to 
20  feet,  near  the  junction  of  the  yellow  and  blue  tills,  where  sand  beds 
often  occur.  Tubular  wells  are  usually  sunk  to  much  greater  depth, 
and  in  nearly  every  township  several  may  be  found  which  exceed  100 
feet.  The  great  majority  penetrate  a  large  amount  of  blue  till.  The 
water  appears  to  be  obtained  in  comparatively  thin  beds  of  gravel  and 
sand  associated  with  the  till. 

Individual  wells, — At  the  city  of  Indianapolis,  which  is  situated  on 
the  gravel  plain  bordering  White  River,  a  large  amount  of  water  may 
be  obtained  near  the  base  of  the  gravel  at  depths  of  30  to  50  feet. 
As  there  is  no  overlying  stratum  of  clay  contamination  is  liable  to 
occur.  This  fact  being  appreciated,  many  tubular  wells,  known  as 
Rouse  wells,  have  been  sunk  to  depths  ranging  from  60  to  90  feet, 
and  water  is  obtained  in  gravel  beneath  a  sheet  of  blue  till.  The  city 
waterworks  obtains  about  three-fourths  of  the  supply  from  wells. 
These  wells  obtain  water  both  from  the  surface  gravel  and  the 
deeper  beds.  The*  remainder  of  the  water  supply  is  obtained  from 
White  River,  and  is  filtered  before  it  is  pumped  to  the  mains.  The 
waterworks  company  have  sunk  a  number  of  deep  wells  with  a  view 
to  obtaining  a  lai^er  and  better  supply.  Rock  is  entered  at  about  80 
or  85  feet.  The  deepest  well  reported  has  a  depth  of  343  feet.  From 
these  deep  wells  water  rises  a  few  feet  above  the  level  of  the  water  in 
White  River.  It  is  hard  and  contains  some  sulphur  and  also  con- 
siderable iron.  The  mineral  ingredients,  however,  are  not  considered 
objectionable. 

The  thickness  of  drift  at  several  points  in  the  county  and  the  sec- 
tions of  a  few  borings  have  been  obtained  from  gas  companies.  The 
Capital  City  Gas  Company  have  several  wells  in  the  northeast  part  of 
the  county  which  penetrate  140  to  230  feet  of  drift,  of  which  a  large 
part  is  blue  till.  There  are,  however,  beds  of  sand  and  gravel  which 
would  afford  an  abundant  supply  for  water  wells.  In  the  eastern 
part  of  the  county  the  thickness  of  the  drift  at  several  villages  is  as 
follows:  Oakland,  231  feet;  Lawrence,  188  feet;  Brightwood,  190  feet; 
Irvington,  130  feet;  Cumberland,  230  feet.  At  Cumb^TVan^  Wi^  ^t\1\» 
is  reported  to  consist  of  till,  mainly  of  blue  color,  50  tee>t,  ioVWw^^XyS 


28  WELLS  OP   SOUTHERN   IKDLA^A.  [Ka21 

alternations  of  till  with  sand  or  gravel,  each  a  few  feet  in  thickness, 

180  feet. 
At  Indianapolis  the  drift  usually  exceeds  80  feet,  and  in  one  well 

near  the  Union  Depot  reaches  a  depth  of  118  feet.  This  well,  which 
is  located  between  Pine  and  Delaware  streets,  has  the  following  sec- 
tion of  drift: 

Feet 

1.  Sand  and  gravel 45 

2.  Gray  till 15 

3.  Alternations  of  till  with  sand  and  g^vel 58 

Total - 118 

A  well  about  a  mile  south  of  the  Union  Depot,  on  Meridian  street, 
enters  rock  at  80  feet.     The  drift  section  is  as  follows: 

Feet 

1.  Sand 10 

2.  Till - 25 

3.  Gravel,  a  few  feet. 

4.  Till,  several  feet. 

5.  Quicksand,  extending  to  the  rock. 

At  the  waterworks  borings,  referred  to  above,  a  section  of  one  well 
was  obtained,  as  follows: 

Feet 

1.  Sand  and  gravel 45^ 

2.  Blue  till 20 

3.  Sand  and  gravel 15 

4.  Limestone  struck  at  82  feet  7  inches. 

There  was  continuous  limestone  from  this  depth  to  the  bottom  of 
the  well  at  343  feet. 

North  from  Indianapolis,  in  the  vicinity  of  Broad  Ripple,  records 
of  30  wells  were  obtained,  all  located  in  the  White  River  Valley,  which 
show  the  drift  to  range  from  45  feet  to  90  feet.  It  is  mainly  sand  and 
gravel,  though  thin  sheets  of  till  occur.  Two  wells  in  the  valley, 
near  Allisonville,  have  70  feet  of  drift,  mainly  blue  till.  At  Castleton, 
on  the  uplands  east  of  White  River,  the  drift  is  78  feet,  mainly  till. 

A  gas  boring  in  the  west  part  of  the  county,  at  Bridgeport,  has  100 
feet  of  drift,  as  follows: 

Feet 

1.  Creek  alluvium 8  or  10 

2.  Alternations  of  blue  till  with  sand 30 

3.  Quicksand 10 

4.  Bluetill • 40 

5.  Gravel  and  sand 10 

Total 10) 

A  well  near  Bridgeport  penetrates  280  feet  of  drift,  but  an  accurate 
section  was  not  obtained. 

At  Glen  Valley,  in  the  southern  part  of  the  county,  on  the  border 
of  the  White  River  gravel  plain,  records  of  two  wells  were  obtained 
which  nre  through  snm]  and  giavi^l  to  a  depth  of  53  and  56  feet. 
IVells  are  usually  obtained,  however,  at  \e8H  dv^.pU\. 
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HANCOCK  COUNTY. 

General  sixUerrient. — Hancock  County  is  situated  in  the  east-central 
art  of  the  State,  immediately  east  of  Marion  County,  with  Greenfield 
8  it-8  county  seat.  It  has  an  area  of  307  square  miles.  Like  Marion 
k)unty,  it  is  covered  thickly  with  a  sheet  of  till.  The  southern  half 
AS  an  undulatory  surface,  with  numerous  swells  20  or  30  feet  in 
eight.  The  northern  part  has  a  nearly  plane  surface.  The  entire 
onnty  has  a  gradual  descent  from  east  to  west,  the  altitude  at  the 
astern  border  being  about  1,000  feet,  while  at  the  western  it  is  scarcely 
00  feet  above  tide.  In  this  county,  as  in  Marion,  dug  wells  may  usu- 
Uy  be  obtained  at  10  to  20  feet  at  the  junction  of  the  yellow  and  blue 
ills.     Tubular  wells  are  usually  50  to  100  feet  or  more  in  depth. 

Individual  wells. — In  the  vicinity  of  Greenfield  wells  usually  obtain 
,  good  supply  of  water  at  about  30  feet  below  a  bed  of  till.  The  water- 
jTorks  wells  are  sunk  to  the  rock,  near  the  top  of  which  they  obtain 
rater  at  a  depth  of  176  feet.  In  these  wells  the  water  rises  a  few  feet 
bove  the  surface,  and  an  8-inch  well  is  estimated  to  furnish  150  gal- 
jns  per  minute. 

At  the  village  of  Philadelphia  wells  are  usually  obtained  at  about 
0  feet  after  penetrating  yellow  till  and  a  few  feet  of  blue  till. 

In  the  vicinity  of  New  Palestine,  in  the  western  part  of  the  county, 
rells  are  usually  obtained  at  25  or  30  feet.  The  gas- well  boring  at 
his  village  penetrates  285  feet  of  drift. 

At  McCordsville,  in  the  western  part  of  the  county,  wells  are  usually 
btained  at  depths  of  40  feet  or  less.  The  drift  at  this  point  is  186 
eet,  mainly  till. 

In  the  eastern  part  of  the  county  wells  in  the  villages  are  usually 
•btained  at  about  20  feet,  but  on  farms  tubular  wells  are  often  sunk 
o  much  greater  depth.  Several  gas-well  borings  in  this  part  of  the 
ounty  penetrate  about  200  feet  of  drift,  mainly  blue  till. 

HENRY  COUNTY. 

General  statement. — Henry  County  is  situate  in  the  eastern  part 
»f  the  State,  with  Newcastle  as  the  county  seat.  It  has  an  area  of 
00  square  miles.  A  moraine  traverses  the  county  from  southwest  to 
iortheast  (passing  west  and  north  of  the  city  of  Newcastle),  which 
constitutes  the  divide  between  the  West  White  and  East  White  rivers. 
n  the  northeastern  part  of  the  county  it  is  a  prominent  feature,  with 
hari)  knolls  and  ridges,  in  some  cases  50  to  75  feet  or  more  in  height, 
kmong  which  are  winding  sloughs  and  shallow  basins.  In  the  western 
tnd  southwestern  part  of  the  county  the  expression  of  the  moraine  is 
ttore  subdued.  From  this  moraine  there  is  a  rapid  descent  to  the 
lorthwest;  but  eastward  from  the  moraine  the  surface  continues  ele- 
cted and  has  an  altitude  1,000  to  1,100  feet  abov^  \»v\^.  Ow  \>cife 
astern  border  of  the  county  there  is  a  moraine  mth.  g^u\^^\xxL^>3^^A^^ 
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surface  which  constitutes  the  divide  between  the  East  White  and  the 
Whitewater  River  system.  There  is  also  a  small  moraine  leading 
south  from  tlie  central  part  of  the  county,  along  the  border  of  Flat 
Rock  Creek.  Between  these  moraines  there  are  plane  tracts  with 
slightly  lower  elevation  than  the  morainic  ridges.  The  northwest 
comer  of  the  county  is  also  a  plain. 

This  county  has,  perhaps,  the  thickest  drift  to  be  found  in  the  State, 
one  well  near  Newcastle  having  i>enetrated  500  feet  before  striking 
rock  and  one  at  Cadiz  more  than  400  feet.  The  drift  of  this  county, 
as  in  the  counties  to  the  west,  is  largely  composed  of  a  compact 
blue  till. 

Individual  wells. — The  general  depth  of  wells  in  this  county  is  no 
greater  than  in  tlie  counties  with  lower  elevation  on  the  north  and 
west,  there  being  usually  an  adequate  supply  of  water  at  20  to  40  feet 
In  a  few  places,  water  not  being  abundant,  tubular  wells  have  been 
sunk  to  depths  of  100  feet  and  occasionally  200  feet,  or  even  more. 

At  Newcastle  the  private  wells  range  in  depth  from  12  to  50  feet, 
the  majority  being  about  20  feet.  The  waterworks  wells  sunk  in  the 
valley  of  East  White  River  range  in  deptli  from  90  to  250  feet  and  are 
obtained  in  all  cases  in  gravel,  associated  with  sheets  of  till.  One  of 
the  shallower  waterworks  wells  is  reported  to  have  the  following  sec- 
tion: 

Feet 

1.  aay - - 10 

2.  Gravel 15 

8.  QnicksaDd 25 

4.  Blue  clay _ 31 

5.  Gravel _ 3 

6.  Hard  till 7 

7.  Coarse  gravel,  with  water  at  bottom. 

Total _ 90 

Tlie  waterworks  wells  have  a  head  alx)ut  20  feet  above  the  surface. 
Analyses  of  the  water  from  two  of  these  wells  are  given  elsewhere.* 
Gas- well  l)orings  in  the  vicinity  of  Newcastle  show  300  to  500  feet  of 
drift  on  the  borders  of  the  East  White  River  Valley,  but  on  the  upland 
plain  east  of  Newcastle,  at  an  elevation  of  75  feet  or  more  above  the 
valley,  rock  is  struck  at  about  250  feet. 

At  Moreland,  in  the  northeast  part  of  the  county,  in  the  valley  of 
Flat  Rock  Creek,  the  drift  is  150  feet,  largely  till,  but  a  bed  of  gravel 
at  about  00  feet  furnishes  a  flow  of  water. 

At  Mount  Summit,  in  the  northern  part  of  the  county,  on  an  ele- 
vated part  of  the  moraine,  the  drift  is  shown  by  a  gas-well  boring  to 
be  235  feet,  mainly  sand  and  gravel.  At  Springport,  on  the  north 
slope  of  the  same  moraine,  the  drift  is  170  feet  and  is  largely  till. 
Two  miles  north  of  Springport  rock  is  struck  at  15(3  feet. 

At  Luray  a  boring  for  water  240  feet  did  not  reach  rock. 

'EJghteonth  Ann.  Rcpt.  U.  S.  Geol.  Survey, Part  IV, ip.  ASft. 
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At  Honeycreek  ntation,  on  the  plain  in  the  northwest  part  of  the 
county,  the  drift  exceeds  200  feet,  and  at  Sulphur  Springs  is  about 
250  feet.  At  Middletown,  in  the  extreme  northwest  comer  of  the 
county,  a  boring  on  the  upland  plain,  north  of  Fall  Creek,  enters 
rock  at  203  feet.  The  drift  is  mainly  sand  and  gravel.  About  2 
miles  south  of  Middletown  a  gas  boring  penetrated  more  than  200  feet 
of  drift  and  passed  through  a  log  near  the  bottom.  A  well  in  Fall 
Creek  Valley,  at  Middletown,  strikes  rock  at  160  feet.  A  flow  of 
water  was  obtained  at  82  feet.  In  this  well  also  logs  were  penetrated 
at  a  depth  of  about  75  feet.v 

At  Cadiz,  on  the  moraine  In  the  west-central  part  of  the  county,  a 
gas  boring  penetrates  421  feet  of  drift.  About  midway  between 
Cadiz  and  Newcastle,  on  a  plain  east  of  the  moraine,  the  drift  is  303 
feet.  At  Greensboro,  about  5  miles  below  Newcastle,  in  the  East 
White  River  Valley,  rock  is  sti*uck  at  less  than  200  feet,  and  outcrops 
of  rock  occur  farther  down  the  river  in  the  vicinity  of  Knightstown. 
At  Kennard,  in  the  west  part  of  the  county,  a  gas  well  i>enetrates  247 
feet  of  drift,  consisting  of  alternations  of  till  with  gravel  and  sand. 

In  the  village  of  Knightstown  private  wells  are  usually  obtained 
at  a  depth  of  20  to  40  feet  in  gravel  beds  below  clay.  The  waterworks 
wells  are  obtained  near  the  top  of  the  limestone,  at  a  depth  of  57  and 
58  feet. 

At  Ogden,  5  miles  east  of  Knightstown,  the  drift  is  154  feet,  of 
which  the  upper  20  or  30  feet  is  sand  and  gravel  and  the  remainder 
tiU. 

In  the  vicinity  of  Spiceland,  on  a  plain  east  of  White  River,  the 
drift  ranges  in  depth  from  90  feet  up  to  150  feet,  and  is  largely  till. 

In  the  vicinity  of  Dunreith,  on  the  south  border  of  the  county,  the 
drift  ranges  from  160  to  215  feet,  the  greatest  depth  being  found  in  a 
well  1  mile  northwest  of  the  village. 

At  Lewisville,  on  the  border  of  Flat  Rock  Valley,  247  feet  of  drift 
is  penetrated,  mainly  sand  and  gavel. 

WAYNE  COUNTY. 

Oeneral  statemfient, — Wayne  County  is  situated  on  the  east  border 
of  the  State,  with  Richmond  as  its  county  seat,  and  has  an  area  of 
380  square  miles.  Like  the  bordering  counties  on  the  north  and  west, 
it«  altitude  is  high.  Its  general  elevation  falls  but  little  below  that 
of  Randolph  County,  the  highest  county  in  the  State.  At  the  north 
boundary,  near  the  Randolph  County  line,  the  elevation  is  1,150  to 
1,200  feet  or  more.  The  northern  one-third  of  the  county  probably 
has  an  average  altitude  of  not  less  than  1,100  feet.  Tliere  is  a  grad- 
ual southward  descent  across  the  county,  and  its  south  border  is 
slightly  below  the  1,000-foot  contour,  except  perhaps  for  a  few  miles 
near  the  State  line. 

Several  drainage  Unea,  having  remarkably  \arge  vaW©^^^  \,T«bN«t««> 
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the  couDty  in  a  general  north  to  south  direction,  among  wmch  may 
be  mentioned  Nettle  Creek,  West  Fork,  Martindale  Fork,  Greens 
Fork,  and  Nolands  Fork,  all  of  which  unite  to  form  the  West  White- 
water. A  profile  across  the  county  from  west  to  east,  in  its  northern 
part,  oscillates  ICK)  to  150  feet  in  crossing  these  valleys  and  the  ridges 
which  separate  them.  The  valleys  or  troughs  are  lai^r  than  the 
present  stream  channels,  for  the  immediate  bluffs  rise  but  a  few  feet 
above  the  stream  beds.  These  troughlike  valleys  are  cut  in  a  sheet 
of  old  drift,  over  which  a  thin  sheet  of  later  drift  has  been  spread,  a 
sheet  whose  southern  boundary  is  found  in  counties  immediately 
south.  Along  the  eastern  jiart  of  the  county  the  rook  has  a  higher 
general  elevation  than  in  the  central  and  western  portion,  and  here 
the  priucix)al  drainage  line.  East  Whitewatrcr,  has  a  postglacial  chan- 
nel partly  excavated  in  the  rock.  With  the  exception  of  the  south- 
eastern part  of  the  county  the  drift  dei)Osits  are  generally  150  to  200 
feet  or  more  in  thickness. 

There  are  extensive  gravel  plains  in  the  western  part  of  the  county, 
bonlering  the  valleys  of  Nettle  Creek,  West  Fork,  and  Martindale 
Creek.  For  a  few  miles  al>ove  the  mouth  of  Martindale  Creek,  at 
Cambridge  City,  the  gravel  plain  occupies  the  entire  interval  between 
West  Fork  and  this  stream,  but  in  the  northern  jKirtion  of  the  county 
the  valleys  are  separated  by  a  ridge  of  till.  Narrow,  gravelly  belts 
occur  also  along  Greens  Fork  and  Nolands  Fork,  but  they  seldom 
i*each  a  width  of  a  mile.  These  gravel  deposits  are  apparently  the 
outwash  from  the  ice-sheet  at  the  time  it  formed  the  strong  moraine 
at  the  headwaters  of  these  streams  in  southern  Randolph  County. 
On  these  gravel  i)lains  wells  are  usually  obtained  at  about  the  level 
of  the  streams,  20  to  40  feet.  On  the  ui)lands  between  these  gravel 
plains  the  drift  usually  consists  of  till,  and  wells  are  obtained  at 
moderate  depths,  seldom  more  than  40  feet. 

Indwidual  wells, — At  Hagerstown,  in  the  northwest  i)art.  of  the 
county,  flowiug  wells  an*  obtained  in  the  valley  of  Nettle  Creek  at  a 
depth  of  about  80  feet.  They  are  largely  through  gravel,  but  x>ene- 
trate  a  bed  of  till  just  above  the  water  vein.  In  eight  gas  borings 
made  in  the  vicinity  of  lljigerstown,  along  the  valley  of  Nettle  Ci-eek, 
the  drift  has  an  average  depth  of  about  100  feet.  The  least  distance 
to  rock  is  78  feet. 

At  Williamsburg,  in  Greens  Fork  Valley,  in  the  north  part  of  the 
county,  wells  are  obtained  at  18  to  25  feet,  mainly  in  gravel.  At  Foun- 
tain City,  in  the  valley  of  Nolands  Fork,  wells  are  obtained  at  similar 
depth.     A  gas  boring  at  Fountain  City  iKjnetrates  1S5  feet  of  drift. 

At  Richmond  wells  are  obtained  at  from  12  to  40  feet.  In  a  few 
inst4in(*es  water  is  obtained  in  the  drift,  but  usually  the  wells  enter 
the  liiiHKstone.  The  city  water  supply  is  obtaiiuHi  from  springs.  Pi-o- 
fessor  Dennis,  cheiiiist  of  Earlhani  College,  reports  that  the  water- 
works supply  and  also  water  from  the  river  is  of  excellent  sanitary 
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quality,  but  he  has  found  by  analysis  that  the  wells  cHjntain  10  to  30 
times  as  much  chlorine  as  is  found  in  the  river  water  above  the  city, 
and  he  states  that  more  or  less  malaria  constantly  exists  where  wells 
are  used. 

At  Centerville,  near  the  valley  of  Nolands  Creek,  a  gas- well  boring 
I>enetrat«s  176  feet  of  drift,  mainly  blue  till.  Ordinary  wells  are 
obtained  at  30  or  40  feet,  more  or  less.  Another  gas  boring  is  reported 
by  Dr.  Phinney  to  have  about  250  feet  of  drift,  with  a  flow  of  water  at 
246  feet. 

At  Cambridge  City,  in  the  valley  of  West  Whitewater  River,  wellsare 
usually  obtained  in  gravel  at  15  to  25  feet.  Two  gas-well  borings  at 
this  city  enter  rock  at  about  100  feet.  After  passing  through  15  or  20 
feet  of  gravel  the  drift  is  mainly  blue  till. 

On  the  uplands  east  of  the  West  Whitewater,  in  the  southern  part 
of  the  county,  water  wells  in  some  cases  reach  a  depth  of  80  feet 
without  striking  rock.  On  the  uplands  west  of  this  stream,  gas-well 
borings  have  shown  the  drift  to  have  a  thickness  of  150  to  300  feet, 
the  greatest  thickness  noted  being  found  in  the  village  of  Dublin. 
There  are,  however,  outcrops  of  rock  along  the  Whitewater,  in  the 
vicinity  of  Cambridge  City,  showing  that  the  rock  surface  has  a 
variation  of  fully  20i)  feet  within  1  or  2  miles  of  that  city. 

On  a  plain  south  of  Richmond,  in  the  southeast  corner  of  the 
county,  wells  have,  in  some  instances,  been  sunk  to  a  depth  of  60  feet 
through  till  without  entering  rock.  As  a  rule,  however,  rock  is  found 
in  that  paii;  of  the  county  at  50  feet  or  less,  and  over  quite  extensive 
areas  it  has  outcrops  nearly  as  high  as  the  bordering  upland. 

Dr.  Phinney  reports  the  drift  in  a  gas  boring  at  Dalton,  in  the 
northeast  comer  of  the  county,  to  be  275  feet  and  at  Walnut  Level, 
in  the  western  part,  280  feet.  At  Washington,  near  the  center  of  the 
county,  it  is  212  feet. 

UNION  COUNTY. 

Oeneral.  staiemenL — Union  County  is  situated  on  the  east  border  of 
the  State,  between  Wayne  and  Franklin  counties,  with  Liberty  as  its 
county  seat,  and  has  an  area  of  170  square  miles.  Its  western  part  is 
traversed  from  north  to  south  by  the  East  Whitewater,  which  occu- 
pies a  rather  broad  valley  100  feet  or  more  below  the  adjacent  upland 
on  the  east  and  west.  The  eastern  part  of  the  county  is  nearly  plane. 
The  drift  filling  is  sufficient  to  give  a  smooth  surface  to  what  would 
otherwise  be  a  hilly  district.  Although  rock  is  often  struck  at  depths 
of  20  to  40  feet  where  ridges  or  preglacial  uplands  occur,  it  is  appar- 
ently buried  to  a  depth  of  200  feet  or  more  in  the  larger  valleys.  The 
greater  part  of  the  drift  is  a  compact  till,  but  wells  are  usually 
obtained  at  convenient  depths  in  beds  of  sand  or  gravel  associated 
with  it.  They  rarely  exceed  a  depth  of  50  feet  and  at^  wsvxaXV^  Y'^'^ 
than  25  feet. 
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Individual  wells. — A  few  tubular  wells  in  the  eastern  part  of  the 
county  reach  depths  of  50  to  90  feet  and  penetrate — 

1.  Yellow  till 10tol3 

2.  Blue  till 4Oto80 

At  Bechy  Mire,  in  the  northeast  part  of  the  county,  a  well  at  Mr. 
Lybrook's  is  reported  to  have  entered  a  hard  yellow  till  below  a  soft 
blue  till  at  a  depth  of  33  feet.  A  well  3  miles  southeast  of  Liberty 
enters  a  hard  yellow  till  below  soft  blue  till  at  a  depth  of  35  feet.  A 
well  at  the  Pyle  House,  in  Liberty,  passes  through  a  bed  of  swamp 
muck,  with  leaves  below  blue  till  at  a  depth  of  35  feet.  Beneath  the 
muck,  sand  was  i>enetrated,  in  which  water  was  obtained  at  52  feet 
At  Joseph  Coffman's,  2  miles  south  of  Brownsville,  a  well  passes 
through  a  bed  of  swamp  muck  below  gravelly  drift  at  20  or  30  feet. 
It  seems  probable  that  the  swamp  muck  and  the  hard  yellow  till, 
found  in  the  four  wells  just  mentioned,  pertains  to  a  drift  sheet  much 
older  than  the  overljring  drift. 

At  Liberty  water  is  usually  obtained  at  30  to  45  feet  in  sand  and 
gravel  below  till.  At  the  waterworks  a  supply  is  obtained  at  a  depth 
of  21  feet  in  sand  below  clay.  A  partial  analysis  shows  the  presence 
of  chlorine  in  sufficient  amount  to  indicate  that  the  water  may  be  con- 
taminated, and  suggests  the  advisability  of  obtaining  water  from  a 
better  source.  The  drift  at  Liberty  is  60  to  90  feet  in  depth  and  is 
underlain  by  a  limestone  which  is  likely  to  yield  an  abundance  of 
water  at  convenient  dei)ths. 

There  is  a  flowing  well  about  3  miles  southeast  of  Liberty,  on  Mr. 
Bratton's  farm,  42  feet  in  depth,  from  sand  below  till. 

In  the  extreme  southeast  part  of  the  county  rock  is  struck  at  5  to  20 
feet.  Wells  in  the  vicinity  of  Lotus,  35  or  40  feet  deep,  do  not  enter 
rock ;  they  are  mainly  through  till. 

FAYETTE  COUNTY. 

General  staiemenL — Fayette  County  is  situated  in  the  eastern  part 
of  the  State,  with  Connersville  as  its  county  seat.  It  has  an  area  of 
210  square  miles.  It  is  traversed  nearly  centrally  from  north  to  south 
by  the  broad  valley  of  the  West  Whitewater  River,  which  carries  a 
gravel  plain  1  to  2  miles  in  width.  At  the  later  ice  invasion  there 
was  a  reentrant  angle  in  the  ice  sheet  in  southeastern  Indiana  which 
had  its  northernmost  i)oint  in  the  Whitewater  Valley,  in  southern 
Fayette  County.  The  boundary  at  this  later  invasion  is  marked  by 
a  well-defined  though  not  bulky  morainic  ridge.  The  ridge  formed 
on  the  western  side  of  the  reentrant  angle  enters  Fayette  County  from 
southeastern  Rush  and  northwestern  Franklin  counties  and  passes 
northward,  (ioniing  to  the  Whitewater  Valley  about  4  miles  below  Con- 
nersville. Here  it  meets  the  ridge  formed  on  the  east  side  of  the  reen- 
trant an^le,  and  from  that  point  northward  an  interlobate  moraine 
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was  formed  which  extends  northward  into  Wayne  and  Henry  counties. 
Through  the  midst  of  this  interlobate  moraine  the  Whitewater  River 
has  its  passage.  On  either  side  of  the  Whitewater,  in  the  south  part 
of  the  county,  there  is  a  small  district  in  which  the  newer  drift  is 
absent,  and  a  coating  of  white  clay  or  silt  several  feet  in  thickness 
covers  the  till  of  the  earlier  invasion.  Here,  as  has  been  noted  in  other 
counties  of  Indiana,  the  older  drift  sheet  is  much  more  highly  oxidized 
and  harder  than  the  newer  sheet.  In  the  newer  drift  wells  may  be 
easily  spaded  or  bored,  while  in  the  older  drift  a  pick  or  drill  must 
often  be  used. 

Rock  is  seldom  encountered  on  the  uplands  of  this  county  at  less 
than  50  feet,  and  there  appears  to  be  generally  100  feet  or  more  of 
drift.  The  drift  consists  mainly  of  a  compact  till,  though  wells  are 
usually  obtained  in  sand  or  gravel  associated  with  the  till  at  depths 
of  35  feet  or  less. 

Individual  weRs. — At  Connersville  the  water  vein  is  found  in  gravel 
at  a  depth  of  about  30  feet  near  the  level  of  the  Whitewater  River. 
Below  this  depth  till  is  often  found  under  which  there  is  a  water- 
bearing gravel  at  a  depth  of  60  to  80  feet  from  the  surface.  There 
appears  to  be  danger  of  contamination  in  the  shallower  wells,  but  the 
deejier  wells  are  thought  to  be  free  from  such  contamination.  The 
city  waterworks  obtain  the  supply  from  the  Whitewater  River,  but 
the  domestic  use  is  mainly  from  wells. 

A  few  records  of  farm  wells  were  obtained  both  on  the  east  and 
west  of  the  Whitewater  Valley.  The  deepest  one,  near  Alquina,  is 
only  43  feet,  the  others  range  from  30  feet  down  to  20  feet.  In  nearly 
all  the  wells  till  constitutes  the  main  part  of  the  section.  It  is  prob- 
able that  those  located  on  the  newer  drift  are  not  sufficiently  deep  to 
reach  the  older  sheet  of  till. 

RUSH  COUNTY. 

General  statement. — Rush  County  is  situated  in  the  eastern  part  of 
the  State,  with  Rushville  as  its  county  seat,  and  it  has  an  area  of  414 
square  miles.  It  has  a  nearly  plane  surface,  though  a  small  moraine 
crosses  its  southeast  corner  and  another  one  traverses  its  western  half 
from  north  to  south,  following  the  west  border  of  Flat  Rock  Creek. 
There  is  a  general  southwestward  descent,  the  altitude  in  the  north- 
east comer  being  nearly  1,100  feet,  while  the  southwest  comer  falls 
below  900  feet.  The  drift  is  composed  mainly  of  till,  though  the 
lower  part  is  frequently  sand  and  apparently  has  an  average  thick- 
ness of  fully  100  feet.  The  county  has  been  covered  entirely  by  the 
later  ice  invasion  as  well  as  by  the  earlier  one.  The  extreme  limits 
of  the  later  invasion  are,  however,  just  outside  the  southeastern  bor- 
der of  the  county,  at  the  moraine  above  noted.  Along  Flat  Rock 
Creek,  in  the  northern  part  of  the  county,  there  is  a  gravel  ^Vwocl 
covering  severaJ  square  miles,  which  lies  immed\ate\y  owV»ifli^  wcA 
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southeast  of  the  moraine  referred  to  above,  and  is,  in  all  probability, 
an  ontwash  from  it.  There  is  also  a  gravel  plain  along  East  White 
River,  in  the  northwest  part  of  the  county,  probably  formed  from  the 
moraine  situated  on  its  west  border. 

Indivtdiuil  wells. — In  the  vicinity  of  Raleigh,  on  the  gravel  plain  in 
the  north  part  of  the  county,  several  flowing  wells  have  been  obtained 
at  depths  ranging  from  65  to  106  feet.  They  have  a  head  3  to  6  feet 
above  the  surface.  The  water  is  obtained  from  gravel  below  a  sheet 
of  till,  but  the  wells  penetrate  a  large  amount  of  surface  gravel  before 
entering  the  till. 

Along  the  moraine  in  the  northern  part  of  the  county  and  on  tJie 
plain  west  of  it  wells  usually  enter  sand  below  till  at  12  to  25  feet. 
In  some  cases  the  wells  have  been  sunk  some  distance  into  sand 
before  obtaining  water.  At  Hamilton  Station  one  well  penetrates  92 
feet  of  sand. 

Near  Carthage,  in  the  northwestern  part  of  the  county,  on  the  gravel 
plain  along  East  White  River,  rock  is  sometimes  struck  at  a  depth  of 
50  feet,  and  the  drift  is  mainly  gravel.  At  Arlington,  in  the  western 
part,  wells  are  usually  obtained  in  sand  below  till  at  a  depth  of  20  to 
30  feet. 

At  Homer  the  drift  is  mainly  sand  after  penetrating  a  few  feet  of 
surface  till,  and  water  is  obtained  at  20  feet  or  less.  The  gas  well 
enters  rock  at  53  feet. 

A  gas  well  7  miles  north  of  Rushville  penetrates  147  feet  of  drift- 
mainly  sand,  92  feet;  blue  till,  55  feet. 

At  Rushville  a  gas  well  near  the  school  building  penetrated  60  feet 
of  drift,  mainly  till.  Water  wells  at  Rushville  are  obtained  at  depths 
ranging  from  14  to  75  feet.  Several  flowing  wells  have  been  obtained 
from  the  drift  in  and  near  the  city  along  the  valley  of  Flat  Rook 
Ci'eek.     They  are  strongly  chalyl>eate  and  also  sulphurous. 

At  Glenwood,  near  the  eastern  border  of  the  county,  a  gas  well  pene- 
trates 120  feet  of  drift,  of  which  the  upper  60  or  70  feet  is  till  and  the 
remainder  sand  and  gravel.  Wells  are  obtained  in  the  vicinity  of 
that  village  at  depths  of  20  feet  or  less,  though  an  occasional  tubular 
well  is  sunk  to  the  underlying  heavy  bed  of  sand. 

At  New  Salem,  in  the  southeastern  part  of  the  county,  wells  are 
obtained  in  sand  below  till  at  40  or  50  feet. 

Along  the  morainic  ridge  in  the  extreme  southeastern  i)art  wells 
in  some  ea.8es  are  sunk  to  a  depth  of  60  feet,  mainly  through  till. 

Along  the  southern  border  rock  ledges  appear  in  the  bluffs  of 
streams  at  20  to  40  feet  below  the  level  of  the  bordering  uplands,  but 
wells  usually  obtain  water  without  entering  the  rock. 
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SHELBY  COUNTY. 

eral  sfaiemerii, — Shelby  County  is  situated  southeast  of  the 

of  the  State,  with  Shelbyville  as  its  county  seat,  and  has  an 
»f  400  square  miles.  The  eastern  x>ai^  is  more  elevated  than 
estem,  but  has  a  generally  plane  surface,  the  only  morainic 
>pment  being  a  small  ridge  in  the  southeast  comer.  The 
•n  part  has  a  more  diversified  surface,  produced  in  part  by 
aic  ridges  and  in  part  by  channels  which  were  formed  appar- 
prior  to  the  deposition  of  the  moraines  and  their  associated 
I  outwash,  and  which  have  been  in  part  filled  by  the  outwash 
;he  moraines.  The  eleventh  annual  report  of  the  State  geol- 
K>n tains  a  map  which  outlines  the  distribution  of  the  several 
els.  The  map  is  somewhat  misleading  in  that  it  represents 
land-like  areas  between  these  channels  to  be  highland.  The 
le  is,  in  fact,  only  a  few  feet  above  the  channels,  seldom 
bhan  25  feet,  except  in  the  case  of  a  morainic  ridge  in  the  south- 
part  of  the  county,  which  has  points  standing  fully  100  feet 

the  bordering  channel.  The  full  interpretation  of  the  drainage 
y  of  this  i*egion  has  not  been  made,  but  it  seems  probable  that 
lerable  erosion  of  the  drift  plain  had  occurred  during  a  retreat 

ice  and  that  subsequently  the  ice  invaded  the  western  half  of 
•unty,  blocking  up  portions  of  the  channels,  either  by  morainic 
lulations  or  an  outwash  of  gravel  from  the  ice  margin.  In  the 
ty  of  Fairland  and  to  the  northeast  from  that  village  the  moraine 
ates  into  a  gravelly  plain  on  its  east  border,  and  this  gravelly 
slopes  downward  into  one  of  the  channels  represented  on  the 
ccompanying  the  Indiana  report.    Well  sections  are  given  below, 

show  the  amount  of  filling  these  channels  have  received  by  this 
ksh  from  the  ice  sheet.  The  morainic  features  on  the  west 
r  of  the  county  are  of  a  strong  type  only  in  the  southwest  town- 
where  the  ice  margin  appears  to  have  made  an  abrupt  curve  to 
est.  The  sharp  moraine  was  apparently  formed  because  of  this 
ike  projection  of  the  ice  sheet. 
)  drift  of  the  uplands  in  the  eastern  part  of  the  county  is  com- 

largely  of  till  and  has  a  depth  of  50  feet  or  more,  if  we  may 

from  outcrops  of  rock  and  occasional  gas  borings.  The  water 
are  usually  obtaijied  without  entering  rock,  there  being  beds  of 
or  gravel  associated  with  the  till.  In  the  western  part  there 
.rs  to  have  been  a  preglacial  basin  with  a  rock  surface  much 
than  that  of  the  eastern  portion  of  the  county.  This  has  been 
to  a  depth  of  perhaps  150  feet  by  the  drift  deposits,  and  the 
icial  reliefs  thus  greatly  obscured.     The  well  sections  given 

will  serve  to  illustrate  the  variability  of  the  drift  structure. 
'ividiud  wells. — Gas  wells  in  the  northwestern  part  of  the  oountY 
rate  150  to  200  feet  of  drift,  of  which  the  great^T  ^i^  V^  ^'^^ 
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The  water  wells  of  that  region  are  usually  obtained  at  depths  of  15  to 
50  feet,  but  occasionally  reach  a  depth  of  100  feet. 

Wells  on  the  gravel  plain  along  Elast  White  River,  above  Shelby- 
ville,  have  in  several  instances  reached  the  bottom  of  the  gravel  and 
entered  till  at  a  depth  of  25  or  30  feet. 

The  gravel  plain  along  Brandywine  Creek,  east  and  northeast  from 
Fairland,  carries  about  30  feet  of  gravel,  beneath  which  is  a  sheet  of 
till. 

In  Fairland  the  wells  in  the  north  part  of  the  village  penetrate  15 
to  25  feet  of  till,  at  which  depths  they  enter  a  water-bearing  gravel. 
The  southeast  part  of  the  village  extends  into  the  gravel  plain,  and 
wells  there  are  obtained  at  similar  depths  without  penetrating  tilL 

Along  Big  Sugar  Creek,  west  and  southwest  from  Fairland,  wells 
sometimes  penetrate  50  or  60  feet  of  gravel  without  encountering  till. 

In  an  abandoned  valley  leading  southward  from  East  White  River 
at  Shelby  ville  to  Lewis  Creek  and  thence  to  Flat  Rock,  a  valley  which 
is  generally  termed  the  Slough,  the  gravel  is  35  feet  or  more  in  depth 
and  is  underlain  by  till. 

Along  Flat  Rock  Creek,  in  the  southern  part  of  the  county,  wells 
are  usually  obtained  at  10  to  20  feet. 

On  a  morainic  ridge  near  Mount  Auburn,  on  J.  M.  Collins's  farm,  a 
well  108  feet  in  depth  had  the  following  section: 

Feet. 

1.  Sandy  yellow  till- , 20 

2.  Blue  till . . . - - - --- 8(^ 

3.  Sand  and  gravel _ 

Total 

Two  other  wells  near  Mount  Auburn  enter  rock  at  50  feet.  On  ^^ 
plain  north  of  Mount  Auburn,  known  as  ''The  Flat,"  in  sections  ^^ 
and  9,  Jackson  Township,  till  is  entered  below  gravel  at  a  depth  of  K  -3 
or  15  feet,  and  wells  are  in  some  cases  obtained  at  30  feet. 

The  following  well  sections  of  drift  near  Manilla  are  obtained  fronr  'i 
the  eleventh    report  of    the   State  geologist.      Jacob   Henry's  weP 
penetrates — 

1.  Soil...    _ .-    ^ 

2.  Loamy  yellow  clay. 

3.  Loamy  sand  ...     1' 

4.  Bowlder  clay,  blue 4^^ 

5.  Fine  ([uicksand ^ 

6.  Whitesand ^ 

7.  Gravel  and  sand __ ^ 

Total - 73 

The  wjit(»r  rises  within  1  foot  of  the  surfacje. 
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On  the  adjoining  farm  of  Arbuckle  &  Mills  a  well  reaches  a  depth 
of  122  feet,  penetrating — 

Feet. 

1.  Sou 2 

2.  Clay.... 83 

3.  Quicksand 8 

4.  Blue  clay 5 

5.  Clay  and  gravel 2 

6.  Bowlderday 17 

7.  Sand  and  gravel 8 

S.  Bine  bowlder  day 57 

Total 122 

From  the  same  report  the  following  section  of  the  boring  on  the  farm 
of  J.  M.  Collins,  given  above  in  somewhat  different  form,  is  obtained: 

Feet. 

1-  Son 4 

2-  Yellow  clay 6 

<^«  Sandy  clay . .  10 

^-  Bowlderday 80 

5.  White  sand 1 

5-  Sand  and  gravel    7 

'^'  Limestone  at  bottom. 

Total 108 

The  bottom  is  estimated  to  be  50  feet  below  river  level. 

At  Waldron,  in  the  southeast  part  of  the  county,  the  drift  is  in 
places  80  feet  in  thickness,  as  shown  by  gas  borings.  A  water  well 
in  the  village  is  reported  to  have  entered  rock  at  53  feet.  It  pene- 
trates— 

Feet. 

1.  Yellowtill... 10 

2.  Sand  and  gravel 14 

3.  Gray  till. 28 

4.  Sand 1 

5.  Rock,  thought  to  be  sandstone 8 

Total 56 

At  St.  Paul  the  drift  varies  from  15  feet  or  less  to  nearly  100  feet 
in  depth.  The  following  depths  are  reported  in  gas- well  borings:  In 
No.  1,  17  feet;  in  No.  2,  87  feet;  in  No.  3,  rock  at  surface;  in  No.  4, 
16  feet;  in  No.  5,  23  feet.  Water  wells  range  in  depth  from  15  to  90 
feet. 

At  Cynthi  Ann,  in  the  east  part  of  the  county,  wells  are  usually 
obtained  at  10  or  12  feet  on  level  tracts,  but  on  drift  knolls  in  the 
village  they  reach  a  depth  of  25  or  30  feet,  and  are  mainly  through  till. 

In  the  portion  of  the  county  northeast  from  Shelbyville  wells  range 
in  depth  from  10  to  50  feet  or  more,  and  are  mainly  through  till. 

Mention  is  made  in  the  eleventh  report  of  the  State  geologist  of  two 
wells  in  this  county  having  water  of  exceptionally  high  temperature. 
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One  in  the  east  part  of  Shelbyville,  24  feet  in  depth,  is  Tei>orted  to 
maintain  a  constant  temperature,  winter  and  summer,  of  76^  F.  The 
other  well,  located  4  miles  west  of  Shelbyville,  is  said  to  have  increased 
in  temperature  after  it  was  made,  the  water  becoming  too  warm  for 
drinking  purposes,  its  temperature  having  reached  65^  F.  A  pipe 
was  driven  in  the  bottom  of  the  well  to  a  depth  of  16  feet,  or  39  feet 
from  the  surface.  The  water  was  then  found  to  have  a  temperature 
of  80^,  and  during  that  winter  increased  to  86^  F.  As  these  wells 
were  excavated  for  potable  wat«r  only,  they  have  been  fillied. 

JOHNSON   COUNTY. 

General  statement. — Johnson  County  is  situated  in  the  south-central 
part  of  the  State,  with  Franklin  as  its  county  seat,  and  has  an  area  of 
320  square  miles.  The  greater  part  of  the  surface  is  plane,  but  there 
are  morainic  ridges  of  moderate  strength  traversing  the  county.  One, 
which  crosses  the  northern  tier  of  townships  from  west  to  east,  is 
known  as  the  Greenwood  moraine,  the  village  of  Greenwood  being  sit- 
uated upon  it.  It  is  a  belt  but  1  to  2  miles  in  width,  and  has  a  relief 
of  only  25  to  50  feet  above  bordering  plane  tracts.  Another  belt  leads 
diagonally  across  the  county  from  its  northwest  to  its  southeast  comer, 
passing  west  and  south  of  the  city  of  Franklin.  This  moraine  has  a 
width  of  2  to  5  miles,  and  varies  greatly  in  strength.  It  is,  on  the 
whole,  a  less  definite  ridge  than  the  one  in  the  north  part  of  the 
county.  It  has,  however,  numerous  sharp  knolls  rising  25  to  40  feet, 
and  occasionally  60  feet,  above  border  tracts.  From  this  morainic 
belt  a  small  one  leads  off  to  the  east  just  south  of  Franklin.  It  is 
scarcely  a  mile  in  average  width,  and  has  a  relief  of  20  to  40  feet. 
There  is  another  moraine  on  the  south  border  of  the  county,  which  is 
low  and  inconspicuous  in  the  eastern  part,  but  in  the  western  part 
becomes  a  prominent,  sharp  ridge,  with  a  relief  of  about  75  feet.  This 
ridge,  it  is  thought,  belongs  to  the  earlier  ice  invasion.  The  other 
moraines  were  formed  during  the  later  ice  invasion.  The  southwest- 
ern part  of  the  county  appears  to  lie  outside  the  limits  of  the  later 
invasion. 

The  drift  consists  largely  of  a  compact  blue  till,  though  the  sharpest 
knolls  are  usually  gravelly.  There  are  gravelly  plains  in  the  south- 
eastern part  of  the  county,  bordering  the  East  White  River,  which  are 
intimately  associated  with  the  morainic  tract  of  that  region  as  an 
outwash.  In  some  cases  deep  wells  have  shown  a  large  amount  of 
sand  or  gravel  in  the  lower  part  of  the  drift.  The  thickness  of  the 
drift  probably  averages  200  feet.  A  basin  of  Devonian  shale  which 
occupied  the  eastern  and  northern  part  of  the  county  has  been  filled 
about  to  the  level  of  the  bordering  rim  on  the  southwest.  The  drift 
of  the  southwest  part  of  the  county  is  thinner  than  in  the  remainder, 
and  wells  occasionally  enter  the  rock  at  depths  of  20  to  60  feet.  In 
the  remainder  of  the  county  wells  very  rarely  reach  the  rock.     Water 
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8  usually  obtained  at  40  feet  or  less  in  the  dug  wells  and  40  to  100 
:eet  in  the  tubular  wells  in  beds  of  sand  or  gravel  associated  with  the 
ills. 

Individual  wells. — At  Greenwood,  in  the  northern  part  of  the  county, 
.he  dug  wells  have  a  depth  of  but  12  to  30  feet.  Tubular  wells  range 
n  depth  from  30  feet  up  to  100  feet  or  more.  The  best  supply  of 
irater  is  obtained  at  20  to  60  feet.  A  well  at  the  Greenwood  Sani- 
tarium, 60  feet  in  depth,  has  sufficient  head  to  bring  the  water  nearly 
JO  the  surface.  Two  wells  at  the  fruit  cannery  have  depths  of  85  and 
[08  feet.  The  supply  is  from  gravel  a  few  feet  in  thickness  in  each 
weUj  but  is  inexhaustible.  The  village  is  making  arrangements  for 
waterworks  supply  from  wells  of  this  class.  The  Greenwood  Sanita- 
rium uses  the  water  from  two  gas- well  borings.  The  drift  in  these 
borings  is  210  feet,  and  is  largely  till. 

At  Franklin  the  city  water  supply  is  obtained  from  driven  wells  40 
bo  60  feet  in  depth.  There  is  a  small  amount  of  surface  gravel,  but 
bhey  are  mainly  through  till.  There  are  a  few  shallow  wells  10  to  20 
feet  in  depth  obtained  above  the  till.  A  well  at  the  court-house  is  80 
feet,  and  several  other  wells  in  the  city  are  100  to  115  feet.  Several 
Sowing  wells  have  been  obtained  in  the  north  part  of  the  city,  on  a 
bributary  of  Youngs  Creek,  at  a  depth  of  40  to  45  feet.  At  the  rail- 
way water  tank  in  Hurricane  Creek  Valley  a  well  obtains  a  flow  of 
water  at  30  feet.  One  flowing  well  in  the  southern  part  of  the  city  is 
dO  feet  in  depth.  Some  of  these  wells  cease  to  flow  in  dry  weather.  A 
gas- well  boring  in  Franklin,  1,140  feet  in  depth,  x>enetrates  170  feet  of 
irift,  as  follows: 

Feet. 

1.  TOl,  yellow  and  blue _..    45 

2.  Sand 20 

S.  Blue  till,  with  thin  8and  and  gravel  beds 105 

Total 170 

There  is  much  water  at  90  feet.  There  was  also  a  flow  of  water  from 
limestone  at  205  to  210  feet.  A  well  at  the  Baptist  College,  114  feet  in 
depth,  penetrates — 

Feet. 

1.  Sand  and  gravel 18 

2.  BlnetUl 40 

8.  Fine  sand 8 

4.  Bine  till 50 

5.  OrtkYei 8 

Total 114 

Wells  along  the  drift  ridge  south  and  east  from  Franklin  usually 
penetrate  40  feet  of  till,  beneath  which  water  is  obtained  at  a  depth 
of  50  to  60  feet. 

In  the  vicinity  of  Union  Village  wells  are  obtained  at  30  to  75  t^^ 
in  gravel  beneath  bine  till. 
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A  well  on  the  slope  of  Donnell  Mound,  near  Franklin,  40  feet  aboYO 
base,  is  mainly  through  gravel  and  sand  to  a  depth  of  50  feet. 

A  well  at  a  schoolhouse  in  sec.  7,  T.  12,  R.  3  E.,  95  feet  in  depth, 
penetrates  60  feet  of  drift,  mainly  till,  beneath  which  is  shale. 

A  well  at  Mr.  Collinses,  sec.  15,  T.  13,  R.  3  E.,  enters  rock  at  20  feetw 
A  well  at  Mr.  Wilkes's,  section  14,  in  the  same  township,  40  feet  in 
depth,  does  not  reach  rock. 

At  Williamsburg  wells  20  to  50  feet  in  depth  are  mainly  through 
blue  till. 

Wells  in  sec.  29,  T.  11,  R.  4  E.,  20  to  40  feet  in  depth  strike  no  rock. 
Wells  in  sees.  33  and  34,  T.  11,  R.  3  E.,  enter  sandstone  below  till  at 
about  20  feet. 

Near  Nineveh,  in  the  southwest  comer  of  the  county,  wells  are  25 
feet  or  more  in  depth,  mainly  in  yellow  till. 

At  Edinburg,  in  the  southeast  comer,  wells  are  obtained  at  25  to  60 
feet,  the  usual  depth  being  30  to  40  feet.  They  are  mainly  throngh 
gravel;  the  city  waterworks  are  supplied  from  such  wells.  At  a  gas 
boring  in  Edinburg  115  feet  of  drift  was  penetrated;  the  boring  is 
1,580  feet  in  depth.  The  salt  water  struck  near  the  bottom  rises 
within  80  feet  of  the  surface. 

MORGAN  COUNTY. 

General  statement — Morgan  County  is  situated  in  the  west-central 
portion  of  the  State,  with  Martinsville  as  its  county  seat,  and  has  an 
area  of  430  square  miles.  Along  the  eastern  and  northern  l)orders  of 
the  county  the  drift  is  heavy  and  the  surface  plane  or  but  slightly 

hilly.  In  the  central,  southern,  and  western  portions  the  surface  is 
hilly  and  broken  and  the  drift  deiwsits  thin.  White  River  traverses 
this  hilly  district  in  a  valley  1^  to  2  miles  in  width  and  150  to  200 
feet  in  depth.  Its  broail  valley  is  filled  with  drift  dexKxsits  to  a  depth 
of  about  100  feet.  Indian  Creek,  an  eastern  tri])utary  entering  near 
Martinsville,  also  has  a  broad  valley  deeply  filled  with  drift. 

The  northern  part  of  the  county  was  covered  by  the  ice  at  it«  later 
invsision,  but  the  remainder  appears  to  liave  been  covered  only  at 
the  earlier  invasion.  The  glacial  Injundaiy  is  but  a  few  miles  south 
of  th<^  county  limits,  in  northern  Brown  and  northern  Monroe  coun- 
ties. A  prominent  morainic  ridge  is  found  in  this  older  drift,  leading 
from  Martinsville  southeastward  past  Morgantown  into  Johnson 
County.  Its  relief  in  placjcs  is  75  to  100  feet,  and  being  scarcely  a 
mile  in  width,  it  is  a  conspicuous  feature.  This  ridge,  together  with 
the  remainder  of  the  earlier  drift  sheet,  is  <»overed  l)y  a  pebbleless  clay 
or  silt  several  feet  in  dei)th,  which  i)asses  under  the  later  sheet  of 
drift.     That  sheet  has  till  and  bowldei*s  at  its  surface. 

On  the  elevated  i^ortions  of  the  county  there  is  seldom  sufficient 
drift  to  afford  water  foi*  wells.  They  ai-e,  therefore,  sunk  into  the 
Tiaek,  and  the  depth  vai'ies  considerably  oven  in  neighboring  welLs. 
Soiao  are  obtained  at  but  20  or  'M)  feet,  \v\u\e  o\\vq>y»  aT^  ^u\i\L\*i^ 
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pth  of  75  to  100  feet  or  more.  On  the  lower  parts  of  the  county  and 
3ng  the  valleys,  the  drift  being  heavy,  wells  are  usually  obtained 
thout  entering  the  rock,  at  moderate  depths,  seldom  more  than  40 
Bt.  Occasional  tubular  wells,  however,  are  sunk  to  depths  of  75  to 
0  feet  or  more. 

Ifidividucd  wells. — ^In  the  northwest  part  of  the  county  there  is  a 
iry  level  tract,  known  as  "The  Lake,"  which  borders  Mill  Creek 
silley,  and  extends  eastward  nearly  to  Monrovia.  Wells  on  this  plain 
e  10  to  30  feet  in  depth.     They  usually  penetrate  a  few  feet  of  sand 

the  top  and  beneath  this  a  sheet  of  till  before  entering  the  water- 
taring  sand.     Wood  is  sometimes  found  at  the  junction  of  the  sand 
ith  the  till. 
At  Monrovia  wells  usually  obtain  water  at  a  depth  of  about  20  feet, 

sand  below  till.  One  well,  however,  at  David  Miller's,  near  the 
iblic  school  building,  is  118  feet  in  depth,  mainly  blue  till.  Wells 
i  the  border  of  the  uplands,  south  and  southwest  of  Monrovia,  occa- 
>nally  obtain  water  at  20  to  30  feet  without  entering  rock.  The 
ajority,  however,  are  sunk  a  short  distance  into  the  rock. 
Wells  on  the  morainic  ridge  east  and  southeast  from  Martinsville 
«  in  some  cases  50  feet  in  depth.  Some  wells  are  largely  through 
,nd  and  gravel,  others  almost  entirely  through  till. 
At  Morgantown,  on  the  slope  of  the  ridge,  wells  penetrate  a  surface 
ay  and  yellow  till  to  a  depth  of  18  or  20  feet,  beneath  which  there 

often  a  blue  till,  though  in  some  cases  wells  immediately  enter  a 
ftter-bearing  gravel.  Their  depth  ranges  from  25  feet  to  50  feet, 
''ells  are  obtained  in  drift  for  about  3  miles  south  from  this  village 
.  depths  of  30  feet  or  less. 

In  Martinsville  the  wells  are  usually  dug  to  a  depth  of  20  or  30  feet 
trough  gravel.  The  city  water  supply  is  from  a  large  well  30  feet  in 
)pth  and  30  feet  in  diameter.     There  are  a  few  flowing  wells  obtained 

the  northeast  part  of  the  city  at  depths  of  40  to  75  feet.  They  pene- 
ate  a  sheet  of  till  below  the  surface  sand  and  gravel.  Several  deep 
tesian  wells  have  been  sunk  at  this  city,  which  furnish  a  soft  sul- 
lur  water,  which  has  a  high  reputation.  Sanitariums  have  been 
lilt  to  accommodate  the  invalids  who  resort  to  these  wells.  Statistics 
incoming  the  wells  and  the  character  of  the  water  are  discussed 
se  where.* 

OWEN  COUNTY. 

Oefiercd  statement — Owen  County  is  situated  in  the  west-central 
irt  of  the  State,  with  Spencer  as  its  county  seat,  and  has  an  area  of 
K)  square  miles.  The  entire  surface  is  hilly.  In  its  eastern  portion 
le  hills  are  of  limestone  and  in  its  western  of  sandstone.  White 
iver  traverses  its  southeastern  part  in  a  valley  very  much  narrower 
lan  the  portion  immediately  above  in  Morgan  County,  the  width 
jing  seldom  so  great  as  one-half  mile.     The  highest  parts  ottX^fe 
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uplanas  stand  about  300  feet  above  the  valley,  but  the  immediate 
bluffs  rise  only  100  to  150  feet.  The  stream  is  in  places  in  a  new 
course  and  has  its  bed  upon  the  rock,  while  in  other  places  it  is 
flowing  on  a  drift  filling  100  feet  in  depth.  The  drift  deposits  vaiy 
greatly  in  thickness,  there  being  on  many  of  the  hills  scarcely  a  trace 
of  drift,  while  in  one  valley  it  has  a  known  thickness  of  250  feet 
This  county  lies  outside  the  limits  of  the  later  ice  invasion,  but  it  was 
almost  entirely  covered  by  the  earlier  invasion.  Possibly  the  extreme 
southeast  corner  has  escaped  glaciation.  The  drift  is  variable  in 
structure,  some  of  the  heaviest  deposits  being  made  up  largely  of 
gravel  and  sand,  while  neighboring  localities  are  covered  with  an 
unmodified  till.  But  little  attention  was  given  the  depth  of  wells  in 
this  county,  except  at  the  three  principal  towns,  Spencer,  Gk)spQrt,  and 
Quincy. 

Individval  wells. — At  Spencer,  the  county  seat,  wells  are  obtained  at 
various  depths,  ranging  from  25  to  80  feet,  with  an  average  of  perhaps 
40  feet,  at  which  depth  they  reach  the  level  of  the  water  in  White 
River.  Three  artesian  wells  have  been  sunk  at  this  city,  descriptions 
of  which,  together  with  a  water  analysis,  are  presented  in  another 
report.^    The  drift  at  these  wells  is  90  to  97  feet  in  thickness. 

Gk)sport  is  situated  on  the  bluff  of  White  River,  and  obtains  wells 
at  depths  of  25  to  100  feet  or  more.  Wells  being  difficult  to  obtain  in 
some  parts  of  the  village,  cistern  water  is  substituted.  An  artesian 
well  has  been  sunk  in  the  valley  to  a  depth  of  926  feet,  and  obtains 
sulphur  water  similar  to  that  at  the  neighboring  cities  of  MartinsvOle 
and  Spencer.  No  use  is  as  yet  made  of  the  water,  except  by  a  few  of 
the  residents  who  prefer  it  to  the  hard  water  of  the  shallow  wells. 

The  village  of  Quincy  is  situated  in  a  lowland,  probably  an  aban- 
doned valley.  The  wells  are  20  to  30  feet  in  depth,  largely  through  a 
sandy  drift.  The  water  is  said  to  stand  within  5  to  10  feet  of  the 
surface. 

Many  springs  are  found  along  the  bluffs  in  this  county,  which  are 
utilized  quite  extensively  by  residents,  and  also  resorted  to  by  the 
stock. 

CLAY   COUNTY. 

Oeneral  staiemenL — Clay  County  is  situated  in  the  western  part  of 
the  State,  with  Brazil  as  its  county  seat.  Its  area  is  360  square  miles. 
The  greater  part  has  a  nearly  plane  surface,  but  the  extreme  eastern 
portion  is  hilly.  The  plane  portion  is  underlain  by  the  Coal  Measures 
shales  and  soft  sandstone,  while  the  hilly  portion  is  underlain  by  a 
hard  sandstone.  Tlie  drift  is  generally  thin,  rock  being  entered  at 
the  majority  of  the  coal  shafts  within  20  feet  of  the  surface.  In  the 
northern  part  of  the  county,  however,  the  thickness  is  greater.  There 
is  probably  also  a  deep  filling  along  the  valley  of  Eel  River  and  also 
in  other  valleys.  The  drift  is,  in  the  main,  a  compact  till,  and  in 
much  of  the  county  does  not  afford  an  adequate  water  supply.    Wells 
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are  therefore  frequently  drilled  into  the  underlying  Coal  Measures 
strata,  where  an  abundant  supply  is  usually  obtained  at  moderate 
depth — 50  feet  or  less.  There  is  a  white  clay  or  silt  several  feet  thick 
covering  the  till  throughout  the  county. 

Individ/acd  wells. — At  Perth,  in  the  northern  part  of  the  county, 
wells  are  obtained  in  sandy  beds  between  the  yellow  and  blue  till  at  a 
depth  of  about  15  feet.  A  boring  for  coal  at  this  village  penetrates 
65  feet  of  drift,  of  which  the  lower  50  feet  is  till.  A  boring  near  this 
village  in  section  3  x)enetrates — 

Feet 

1.  Sorfaoe  day 7 

2.  Sand  and  day 8 

8.  Hard  blue  tiU 37 

4.  Sand  and  clay 11 

5.  Yellow  till 4 

Total 87 

In  a  boring  80  rods  north  from  the  preceding  the  drift  is  48  feet  and 
consists  of  till,  with  the  exception  of  7  feet  of  sand  at  30  to  37  feet. 

At  Carbon  the  drift  is  mainly  till,  and  rock  is  usually  struck  at 
about  30  to  35  feet. 

At  Lena  wells  are  usually  20  or  30  feet,  mainly  a  hard  blue  till,  and 
rock  is  not  struck.  A  coal  boring  1  mile  west  of  Lena  enters  rock  at 
60  feet. 

At  Harmony  the  drift  is  about  30  feet  in  thickness,  and  wells  are  ob- 
tained near  its  base  or  in  the  upi)er  part  of  the  rock.  At  a  coal  shift 
between  Knightsville  and  Harmony  the  drift  is  60  feet  in  thickness. 

At  Knightsville  the  drift  ranges  in  thickness  from  12  feet  up  to 
about  50  feet.  Wells  are  often  obtained  here  at  12  to  20  feet  in  a 
sand  below  the  surface  clay. 

At  Brazil,  the  county  seat,  wells  are  usually  obtained  at  about  20 
feet,  though  they  range  in  depth  from  15  to  50  feet.  The  city  water- 
works are  supplied  from  8  driven  wells,  20  feet  in  depth,  the  water 
being  in  a  gravel  beneath  the  surface  clay.  It  is  estimated  that  each 
well  will  yield  5,000  barrels  per  day.  Rock  is  frequently  struck  in 
the  vicinity  of  Brazil  at  about  20  feet,  though  there  are  several 
borings  which  penetrate  60  to  80  feet  of  drift.  As  a  rule,  the  drift 
is  a  c(Hnpact  till. 

In  the  central  portion  of  the  county  the  villages  Asherville,  Prairie 
City,  and  Saline  City,  obtain  water  in  the  upper  part  of  the  rock,  the 
drift  deposits  being  very  thin,  often  less  than  10  feet  in  depth.  At 
Cory,  in  the  west  part  of  the  county,  the  drift  is  about  40  feet,  and 
wells  are  obtained  without  entering  the  rock. 

At  Bowling  Green,  in  the  eastern  part  of  the  county,  wells  enter  a 
sandstone  immediately  below  the  soil  and  obtain  water  at  various 
depths  from  20  feet  or  less  up  to  60  feet  or  more. 

In  the  southern  part  of  the  county,  in  the  vicinity  ot  CJVfti'^  Cfv\»^  ^ 
rock  is  usualJj  entered  at  less  than  20  feet  and  t\iQ  m.a^orv^^  ol  ^^ 
weJIa  obtain  water  near  the  surface  of  the  rock. 
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VIGO  COUNTY. 

General  statevient. — Vigo  County  is  situated  on  the  west  bordei 
the  State,  with  the  city  of  Terre  Haute  as  its  county  seat.  It  has 
area  of  410  square  miles.  The  broad  valley  of  the  Wabash  traver 
its  northwest  part.  This  is  bordered  Sby  a  gravelly  terrace  nearl 
miles  in  average  width.  West  from  the  Wabash  is  a  morainic  b 
the  continuation  of  the  Shelbyville  moraine  of  Illinois.  This  oc 
pies  perhaps  half  the  upland  on  that  side  the  river,  and  consists 
a  gently  undulating  or  subdued  morainic  topography,  with  occasio 
sharp  knolls  30  to  40  feet  in  height.  The  bordering  uplands  hav 
very  plane  surface.  The  uioraine  and  the  plain  on  the  noHh 
within  the  limits  of  the  Wisconsin  or  later  drift,  the  moraine  be: 
the  terminus  of  tliat  drift.  The  uplands  east  of  the  Wabash  arepli 
and  are  covered  by  the  older  drift  sheet.  This  drift  sheet  is  capj 
by  a  deposit  of  white  clay  several  feet  in  thickness.  On  the  immedi; 
bluff  of  the  Wabash,  and  in  the  northeastern  part  of  the  county,  th 
are  sand  dunes,  probably  drifted  by  wind  from  the  Wabash  Valle,^ 

The  uplands  west  of  the  Wabash  have  drift  varying  in  thickn< 
from  10  feet  or  less  up  to  more  than  100  feet.  The  drift  on  the  uplar 
east  from  the  Wabash  is  generally  but  20  to  40  feet  in  depth.  II 
probable,  however,  that  tributaries  of  the  Wabash,  now  obscured 
the  drift,  have  a  filling  of  more  than  200  feet.  In  the  Wabash  V 
ley  borings  at  Terre  Haute  show  a  thickness  of  150  feet  of  drift,  t 
rock  floor  beini^  nearly  100  feet  below  the  bed  of  the  present  strea 
Wells  are  usually  obtained  in  the  drift  at  depths  of  20  to  40  feet 
less,  there  being  very  few  deei>  wells  in  the  county. 

Individual  wells. — In  the  sand-co veiled  tracts  in  the  northeast  pi 
of  the  county  coal  shafts  penetrate  from  5  to  30  feet  of  sand,  benefl 
which  they  are  mainly  through  till  to  depths  of  75  or  100  feet,  wh( 
rock  is  entered.  Wells  are  obtained  either  near  the  base  of  the  sa 
or  in  beds  of  sand  or  gravel  associated  with  the  till.  One  well 
Fontiinet,  54  feet  in  depth,  penetrates — 

F( 

1.  Sand _ 

2.  Clay  and  till 

Total 

A  coal  shaft  1  mile  north  of  Fontanet  penetrates  1)0  feet  of  dri 
as  follows: 

F. 

1.  Sand 

2.  Till 

3.  Sand 

4.  Till 

5.  Sand 

Total 

Another  shaft  near  Fontanet,  in  section  12,  has  a  similar  secti< 
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except  that  the  lower  sand  bed  is  wanting.  A  third  shaft  in  that 
vicinity  penetrates  72  feet  of  drift,  of  which  the  upper  30  feet  is 
sand  and  the  remainder  a  solid  bed  of  till.  A  shaft  in  tlie  extreme 
Lortheast  corner  of  the  county,  on  Mr.  Southard's  land,  i>enetrates 
72  feet  of  drift,  as  follows: 

Feet. 

1.  Surface  sand  : 20 

2.Till 44 

8.  Sand : 8 

Total . 72 

At  Terre  Haute  the  use  of  private  wells  is  considered  unsafe  and 
has  been  largely  discontinued.  Water  may  be  obtained  at  about  the 
level  of  the  river  at  30  to  50  feet,  but  there  is  no  clay  bed  or  impervi- 
008  stratum  of  sufficient  thickness  to  prevent  contamination.  The 
public  water  supply  is  obtained  from  the  Wabash  River  above  the 
city.  Sanitary  analyses  of  the  hydrant  water,  and  also  of  water  from 
several  private  wells,  are  presented  in  another  report.*  The  analyses 
show  that  a  part  of  the  water  in  each  of  the  wells  has  been  contami- 
nated with  organic  matter. 

Several  borings  for  oil  have  been  made  within  the  limits  of  the  city 
of  Terre  Haute  which  penetrate  100  to  150  feet  of  drift.  In  all  these 
wells  sand  and  gravel  appear  to  extend  from  the  surface  to  the  bot- 
tom of  the  drift.  These  borings  are  "discussed  at  some  length  in  the 
Twenty-first  Annual  Report  of  the  Indiana  Survey. 

A  well  near  the  brow  of  the  Wabash  bluff,  south  of  Torre  Haute,  in 
sec.  32,  T.  11,  R.  9  W.,  penetrated  the  following  interesting  series: 

Feet 

!•  Sarfaceclay 5 

2.  Yellow  Band 3 

^  Fossiliferons  loess 4 

^  Soil  and  sandy  peat 8 

5.  Bluish  sandy  subsoil 5 

••Yellowtill 3 

Total 23 

A  similar  section  was  observed  in  the  road  grading  immediately 
east  of  Terre  Haute,  at  the  east  bluff  of  the  Wabash. 

A  well  in  the  upland,  in  sec.  20,  T.  12,  R.  8  W.,  strikes  rock  at  21 
f^t,  and  a  shaft  in  the  same  section  enters  rock  at  15  feet. 

A  well  in  sec.  32,  T.  10,  R.  9  W.,  enters  sandstone  at  22  feet,  after 
penetrating  the  following  beds: 

Feet. 

!•  Brown  surface  clay 5 

^  Loess 2 

^  Black  soil 1 

^  Brown  till 14 

Total 22 
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Mr.  Kester's  well,  sec.  20,  T.  11,  R.  9  W.,  penetrates  70  feet  of  drifl 
mamly  till.  A  well  in  section  21  of  the  same  township  is  maiiil; 
through  sand  and  gravel  to  a  depth  of  63  feet  and  does  not  read 
rock. 

Wells  on  parts  of  the  Wabash  terrace,  in  the  south  part  of  th 
county,  enter  rock  within  a  few  feet,  but  the  greater  part  of  the  tei 
race  is  underlain  by  a  heavy  bed  of  gravel  and  sand. 

FRANKLIN  COUNTY. 

General  statement, — Franklin  County  is  situated  on  the  east  bar 
der  of  the  State,  near  its  southeast  comer,  with  Brookville  as  thi 
county  seat.  It  has  an  area  of  400  square  miles.  This  county  ii 
traversed  nearly  centrally  by  the  West  and  main  Whitewater  riven 
and  its  northern  portion  is  crossed  by  the  east  Whitewater,  the  jmio 
tion  of  the  East  and  West  Forks  being  at  Brookville.  These  valleyi 
are  300  to  400  below  the  level  of  the  bordering  uplands;  and  yet  gas 
well  borings  in  the  vicinity  of  Brookville  and  Cedar  Grove  showi 
filling  of  100  to  180  feet  beneath  the  level  of  the  present  stream  bed 
Notwithstanding  the  great  elevation  of  the  uplands,  the  surface  if 
plane  over  wide  areas  and  the  valleys  are  narrow.  The  northeasteii 
part  of  the  county  lies  within  the  limits  of  the  later  ice  invasioE 
This  invasion  also  touched  the  extreme  northwest  comer  of  tht 
county.  A  small  moraine  was  formed  along  the  south  border  of  the 
later  sheet  of  drift,  which,  though  only  30  or  40  feet  in  height,  is  read- 
ily traced,  the  bordering  tracts  being  very  plane  as  well  as  slightlj 
lower.  The  moraine  carries  a  few  sharp  gravelly  knolls,  but  as  a 
rule  its  surface  is  gently  undulating.  The  older  sheet  of  drift  is  cov- 
ered with  a  deposit  of  white  clay  several  feet  in  thickness,  as  in  coun- 
ties farther  west  and  south,  and  the  older  drift  here,  as  in  othei 
counties,  is  harder  and  more  deeply  oxidized  than  the  newer  drift 

The  thickness  of  drift  on  the  high  uplands  is  often  10  feet  or  less, 
even  within  the  limits  of  the  later  ice  invasion.  But  it  is  probable 
that  great  amounts  of  drift  are  to  be  found  in  filled-up  tributaries  o< 
the  Whitewater  system.  Where  rock  is  not  entered  within  10  or  15 
feet  of  the  surface  the  wells  are  usually  obtained  in  the  drift.  This 
fact,  together  with  the  absence  of  gas- well  borings  or  other  prospect 
borings  outside  the  limits  of  the  Whitewater  Valley,  renders  data 
concerning  the  thickness  of  drift  rather  meager. 

Individual  tvells. — The  city  of  Brookville  obtains  the  supply  for 
waterworks  from  two  large  open  wells  sunk  in  gravel,  within  30  feet 
of  the  river  channel,  just  above  the  city.  The  wells  are  sunk  12  feet 
below  the  lowest  water  in  the  river.  They  are  excavated  partly  b 
sand  and  partly  in  rock,  but  the  source  of  supply  is  by  infiltration 
from  the  river.  There  are  many  cisterns  and  a  few  wells,  both  duj 
and  driven,  in  use  by  the  citizens  of  Brookville.  The  wells  are  sunl 
slightly  below  the  level  of  the  low- water  stage  in  the  river,  a  depti 
varying  from.  20  feet  to  110  feet,  aocordVwg  lo  ^\^\a\»\oTi. 
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A  boring  at  the  brickyards  in  the  south  part  of  the  city  shows  the 

mcient  channel  of  the  river  to  be  about  180  feet  below  low  water,  or 

UO  feet  above  tide.    Several  other  borings  in  the  valley  in  the  vicinity 

o!  Brookville  enter  rock  at  less  depth.     One  near  the  junction  of  East 

and  West  Whitewater  rivers  penetrates  135  feet  of  drift,  entering  rock 

at  about  495  feet  above  tide.     Kimball's  well,  in  Brookville,  penetrates 

IGO  feet  of  drift,  but  the  rock  surface  here  is  no  lower  than  at  the  well 

just  mentioned.     Bracken's  well,  in  East  Whitewater  Valley,  also 

enters  rock  at  about  the  same  level,  after  penetrating  135  feet  of  drift. 

A  well  at  the  i)oor  farm  enters  rock  at  a  similar  elevation.     A  gas 

boring,  2  miles  above  Cedar  Grove,  penetrates  154  feet  of  drift  and 

enters  rock  at  about  450  feet  above  tide. 

Wells  at  Fairfield,  near  East  Whitewater,  in  the  northern  part  of 
the  county,  in  some  instances  reach  a  depth  of  50  feet  without  enter- 
ing Pock,  mainly  through  sand  and  gravel.  Wells  on  the  uplands 
between  Fairfield  and  Laurel  are  usually  obtained  at  about  20  feet.  In 
the  portion  of  the  county  east  of  East  Whitewater  rock  is  frequently 
entered  at  10  to  20  feet,  though  a  depth  of  60  feet  is  occasionally 
reached  without  penetrating  rock.  Several  sections  were  obtained  on 
the  plain  between  Little  and  Big  Cedar  creeks,  east  from  Brookville, 
in  which  rock  was  entered  at  8  to  20  feet. 

At  New  Trenton,  in  the  Whitewater  Valley,  wells  on  a  terrace 
standing  80  or  90  feet  above  the  river  obtain  water  at  about  90  feet. 
They  are  mainly  through  grravel. 

At  Metamora,  in  the  W^ est  Whitewater  Valley,  wells  are  sunk  about 
to  river  level,  a  depth  of  30  feet. 

Wells  at  Peppertown,  on  elevated  upland,  usually  obtain  water  in 
sand  below  till  at  20  or  25  feet. 

Wells  near  Oldenburg  enter  rock  at  40  feet  or  less,  but  water  is 
sometimes  found  above  the  rock. 

Several  wells  in  Enochsburg  strike  rock  at  20  feet  or  less,  but  water 
is  obtained  without  penetrating  far  into  the  rock. 

DECATUR    COUNTY. 

Otneral  staiement. — Decatur  County  is  situated  in  the  southeastern 

part  of  the  State,  with  Greensburg  as  the  county  seat.     It  has  an  area 

of  380  square  miles.     The  county  slopes  gradually  from  northeast  to 

southwest  and  drains  mainly  to  the  East  \Yhite  River.     A  narrow 

8tirip  on  the  east  border  drains  to  Whitewater  and  to  Laughery  Creek. 

All  except  the  eastern  part  of  the  county  lies  within  the  limits  of  the 

Wisconsin  or  later  ice  invasion,  and  a  well-defined,  though  not  con- 

qncuous,  moraine  marks  the  limits  of  the  drift  of  that  invasion.     It 

teverses  the  county  from  the  northeast  to  the  southwest  corner,  x)ass- 

ing  Greensburg  on  the  east  at  McCoy  Station.    The  extreme  northwest 

3omer  of  the  county  is  also  crossed  by  a  moraine  running  parallel  vrvth. 

he  outer  belt.    These  belte  are  each  2  or  3  miles  or  nioro  m  mt\^i>ft.^\>\>X 
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rise  only  25  to  40  feet  above  the  bordering  plain  and  have  a  subdued 
expression.  The  sheet  of  older  drift  lying  outside  the  limits  of  the 
newer  drift  may  also  be  traced  beneath  the  newer  drift,  numerous 
exposures  of  it  being  found  along  the  streams  in  the  vicinity  of 
Greensburg.  It  is  separated  from  the  upper  drift  hy^  both  a  soil  and 
a  pebbleless  white  clay  such  as  covers  the  drift  outside  the  moraine. 

The  thickness  of  the  drift  in  this  county  is,  as  a  rule,  less  than  50 
feet,  and  at  many  places  wells  enter  rock  at  20  feet  or  less.  The 
streams  also  are  bordered  quite  extensively  by  rocky  bluffs,  althongh 
flowing  usually  in  valleys  but  25  to  50  feet  in  depth.  It  is  probable, 
however,  that  preglacial  valleys  of  great  depth  occur  which  have  been 
completely  filled.  So  far  as  the  writer  is  aware,  no  wells  or  other  bor- 
ings have  shown  the  position  of  such  valleys.  Very  few  records  wer© 
obtained  in  which  the  drift  exceeds  or  even  approaches  100  feet.  Thd 
drift  is  very  largely  composed  of  till,  but  there  are  sand  and  gravel 
deposits  in  sufficient  amount  to  furnish  water  ordinarily  at  convenient 
depths. 

Individucd  wells. — The  thickest  drift  of  which  a  section  was  obtained 
is  that  penetrated  by  a  gas- well  boring  on  the  Robinson  farm,  nortli 
of  Adams,  in  the  northwest  part  of  the  county,  where  rock  was  struck: 
at  about  150  feet.     The  drift  is  as  follows: 

1.  Till 19 

2.  Sand 4 

3.  Blue  till K8 

4.  Gk»vel  and  sand 15 

5.  Yellow  till 5 

6.  Oily  blue  clay,  with  few  pebbles 16 

7.  Coarse  gravel 15 

8.  Hard  blue  till 80 

Total 146 

In  the  village  of  Adams  there  are  drift  knolls  20  or  30  feet  in  height. 
Among  these  knolls  rock  is  entered  at  15  to  20  feet,  but  on  the  knolls 
wells  are  obtained  without  entering  the  rock. 

At  Greensburg,  the  county  seat,  shallow  wells  are  obtained  at  20  to 
25  feet  in  drift.  A  few  tubular  wells  obtain  their  supplies  from  near 
the  bottom  of  the  drift,  at  about  50  feet.  The  waterworks  supply  was 
at  first  obtained  from  driven  wells  48  to  50  feet  in  depth,  which  reaehetl 
the  base  of  the  drift  and  obtained  their  supply  from  a  layer  of  gravel 
4  or  5  feet  thick.  As  the  supply  was  inadequate  in  seasons  of  drought, 
a  well  12  inches  in  diameter  was  drilled  to  a  depth  of  75  feet,  i)ene- 
trating  the  rock  25  feet.  The  main  supply  of  water  was  struck  at  21 
feet  in  the  stone.  Probably  two-thirds  the  population  of  Greensburg, 
or  about  3,000  people,  obtain  their  supply  from  this  well,  and  in  addi- 
tion to  this  the  Big  Four  Railway  Company  has  a  monthly  consump- 
tion of  2,500,000  gallons. 

In  the  vicinity  of  Clarksburg  and  Kingston,  in  the  northeast  part 
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of  the  county^  on  the  moraine  which  marks  the  border  of  the  later 
drif ty  wells  are  obtained  at  20  to  40  feet  in  beds  of  sand  or  gravel  asso- 
ciated with  the  till. 

At  Mechanicsburg,  in  the  eastern  part  of  the  county,  on  the  older 
drift,  the  wells  are  obtained  at  15  or  20  feet  without  entering  rock. 

In  the  vicinity  of  Letts,  on  the  moraine  in  the  southwest  part  of  the 
county,  there  are  several  deep  tubular  wells.  One  at  Boyd's  store 
obtains  water  from  sand  below  till  At  a  depth  of  90  to  98  feet.  A  well 
at  the  tile  factory,  117  feet  in  depth,  does  not  strike  rock.  A  well  at 
H.  Mitchell's,  about  3  miles  west  of  Letts,  101  feet  in  depth,  enters 
lock  at  80  feet.  There  is  thought  to  be  a  buried  soil  at  about  60  feet. 
Several  wells  about  2  miles  west  of  Letts  enter  rock  at  30  feet  or  less, 
on  ground  fully  as  elevated  as  at  Mitchell's  well. 

At  Newburg  (Forest  Hill  post-office)  wells  are  obtained  at  about  30 
feet  without  entering  rock.  Wells  along  a  valley  west  from  this  vil- 
lage obtain  water  at  a  depth  of  10  feet. 

At  Westport,  on  the  south  slope  of  the  outer  moraine  of  the  later 
drift,  wells  in  some  cases  enter  rock  at  about  30  feet,  but  many  obtain 
water  in  the  drift. 

At  Sardinia,  also  near  the  border  of  the  moraine,  wells  enter  rock 
at  25  to  35  feet. 

BARTHOLOMEW  COUNTY. 

(hneral  statement. — Bartholomew  County  is  situated  in  the  south 
central  part  of  the  State,  with  Ck)lumbus  as  the  county  seat,  and  has 
an  area  of  400  square  miles.  East  White  River  passes  through  the 
county  from  north  to  south,  slightly  west  of  its  center,  following  the 
Axis  of  a  trough  or  basin  in  the  Devonian  shale.  There  is  a  gradual 
westward  descent  from  the  east  border  of  the  county  to  the  river 
valley.  West  from  the  river  there  is  a  low  plain,  rising  gradually 
Westward  to  the  border  of  the  county,  where  a  range  of  prominent 
Knobstone  hills  sets  in,  which  rises  several  hundred  feet  above  the 
basin. 

The  entire  county  was  apparently  glaciated,  although  the  glacial 

boundary  lies  but  little  west  from  the  front  of  the  prominent  hills  on 

the  county  line.     The  portion  of  the  county  east  from  the  East  White 

River  Valley  was  nearly  all  covered  by  the  later  ice  invasion,  and  a  nar- 

it)w  belt  along  the  west  side  of  the  stream  in  the  north  part  of  the  county 

was  also  covered  by  that  invasion.     There  remains,  therefore,  only  a 

narrow  strip  on  the  southern  and  western  borders  of  the  county 

where  the  older  sheet  of  drift  alone  is  present.     There  are  morainic 

features  along  the  borders  of  the  East  White  Valley  from  the  north 

line  of  the  county  southward  to  the  vicinity  of  Columbus.     There  are 

also  two  well-defined  moraines  leading  eastward  and  northeastward 

from  this  valley  across  the  county.     The  southernmost  one,  which  lies 

near  the  line  of  Bartholomew  and  Jennings  counties,  xcvaTVL^  \Xv^ 

southern  limit  of  the  later  or  Wisconsin  sheet  o£  dni\).    TYi^  o\Xi!^x 


62  WELLS   OP   SOUTHERN   INDIANA.  lsa« 

lies  near  the  borders  of  Clifty  Creek.  Each  of  these  moraines  has  a 
breadth  of  2  or  3  miles,  but  they  stand  only  20  to  40  feet  above  the 
bordering  plain.  The  surface  of  the  older  drift  in  this  county  is  gen- 
erally plane.  The  thickness  of  the  drift  ranges  from  a  mere  trace  to 
a  deposit  fully  100  feet  in  depth.  Along  the  East  White  Valley  there 
is  a  gravelly  belt  3  to  5  miles  or  more  in  width,  and  the  morainic 
knolls  just  referred  to  appear  in  the  midst  of  this  gravelly  district 
Flat  Rock  Valley  also  contains  a  broad  gravel  plain.  In  the  remain- 
der of  the  county  the  drift  is  mainly  till.  Very  few  deep  wells  occur^ 
there  being  generally  an  abundant  water  Supply  within  35  or  40  fee^. 
of  the  surface. 

Individtud  tvells, — At  Columbus  the  gas- well  borings  penetrate 
about  100  feet  of  drift,  mainly  gravel,  in  which  large  amounts  of  water 
occur  from  a  depth  of  30  feet  downward.  The  waterworks  supply  is 
from  the  East  White  River,  and  the  greater  part  of  the  population 
are  dependent  upon  it.  The  few  private  wells  in  use  have  a  depth  of 
about  30  feet. 

On  the  gravel  plain  south  from  Columbus,  in  the  vicinity  of  Wailes- 
boro  and  Jonesville,  wells  are  obtained  at  20  or  30  feet,  or  at  about 
the  level  of  the  water  in  East  White  River. 

On  the  low  land  west  of  East  White  River  wells  ordinarily  penetrate 
8  or  10  feet  of  pebbleless  clay,  beneath  which  they  enter  till.  Water 
is  usually  obtained  at  20  feet  or  less  in  beds  of  gravel  associated  with 
the  till. 

The  record  of  a  well  was  obtained  on  a  prominent  part  of  the  Knob- 
stone  ridge  near  the  west  border  of  the  county  in  sec.  18,  T.  9,  R.  5 
E.,  which  reached  a  depth  of  38  feet  without  entering  rock.  WeUs 
often  enter  rock  on  this  high  land,  however,  at  10  or  15  feet.  The 
well  referred  to  has  the  following  section : 

Feet 

1.  Surfacesilt ^ 

2.  Sandy  material ^ 

3.  Browntm.... ^ 

4.  Bluetill ^ 

Total - 38 

At  a  schoolhouse  near  this  well  water  was  obtained  at  only  20  feet, 
in  a  bed  of  sand  below  the  surface  silt. 

A  well  near  the  base  of  the  high  upland,  in  sec.  29,  T.  10,  R.  5  E., 
56  feet  in  depth,  enters  rock  near  bottom. 

Records  of  several  wells  were  obtained  in  the  eastern  part  of  the 
county  which  have  a  depth  of  30  to  38  feet  without  entering  rock. 
They  are  mainly  through  a  soft  till  of  the  later  ice  invasion. 

On  the  gravel  i)lain  along  Flat  Rock  Creek,  in  the  north  part  of  the 
county,  wells  are  usually  obtained  at  a  depth  of  10  to  20  feet,  or  about 
the  level  of  the  stream. 
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JACKSON   COUNTY. 

General  statement. — Jackson  County  is  situated  in  the  southern  j)art 
o!  the  Slate,  with  Hrownstown  as  the  county  seat,  and  has  an  area  of 
510  square  miles.     East  White  River  traverses  it  nearly  centrally  from 
northeast  to  southwest,  and  Muscatatuck  River  forms  much  of  its 
south  boundary.     The  western  one-third  of  the  county  is  elevated  and 
largely  unglaciated.     Ilie  eastern  part  is  mainly  a  low  plain,  though 
there  are  occasional  knobs  rising  to  heights  of  2()0  feet  or  more  above 
the  plain.     There  is  also  a  sharp  drift  ridge,  50  to  170  feet  in  height, 
leiidinjj  south wanl  from  near  Seymour  to  the  vicinity  of  Mount  Sid- 
ney.   This  drift  ridge  has  a  breadth  of  less  than  a  mile,  and  is  in  con- 
sequence a  very  conspicuous  feature.     It  is  known  as  Chestnut  Ridge, 
and  several  well  sections  along  it  are  presented  below. 

In  the  eastern  part  of  the  county,  between  the  two  forks  of  the  Mus- 
catatuck, the  drift  deposits  are  thin,  as  in  neighboring  counties  on 
the  Ciust,  seldom  reaching  a  depth  of  50  feet ;  but  in  the  district  between 
the  Muscatatuck  and  East  White  River,  which  includes  Chestnut 
Ridge,  the  general  thickness  of  drift  is  probably  100  feet,  while  on  the 
ridge  it  may  exceed  200  feet.  The  greater  part  of  the  drift  is  of  a 
sandy  constitution,  though  deposits  of  till  and  gravel  are  known  to 
occur  both  in  the  ridge  and  on  the  bordering  plain.  In  the  southern 
part  of  the  county,  near  the  Muscatatuck,  a  compact  clay,  containing 
ver}^  few  pebbles,  constitutes  the  upper  portion  of  the  drift. 

Individual  weUs. — No  detailed  recoi*dsof  wells  were  obtained  in  the 
unglaciated  western  portion  of  the  county,  but  it  is  known  that  the 
^cpth  there  is  variable,  some  wells  being  obtained  at  20  feet  or  less, 
whilo  others  are  75  to  100  feet. 

At  Brownstown,  the  county  seat,  wells  are  usually  about  20  feet  in 
^cpth.  In  some  instances  they  are  obtained  in  the  sand,  but  in  others 
they  enter  shale  a  few  feet. 

At  Seymour  wells  range  in  depth  from  15  to  50  feet,  and  are  usually 
^Hven  through  sand  and  sandy  clay.  The  greater  part  of  the  water 
^^pply  is  furnished  by  the  waterworks,  and  is  i)umped  from  East 
H'hite  River. 

A  gas- well  boring  in  the  northeast  part  of  Seymour  penetrates  75 
^^H  of  drift,  as  follows: 

Feet. 

*•  Coarse  sand. 12 

*•  Very  fine  sand  or  silt,  almost  a  clay 43 

*•  Black  muck,  probably  an  old  flood  plain  of  the  river.   . . 10 

^*  Coarse  sand  with  large  amount  of  water 5 

^-  Blue  clay ...     5 

Total 75 

The  black  muck  of  this  section  is  found  quite  widely  in  the  vicinity 
^^  Seymour  at  a  nearly  uniform  elevation.     The  thicktv^^^ol  Wife  ^rviV 
'^   the  vicinity  of  Seymour  ranges  from  70  feet  to  ^0  ieet. 
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On  the  plain  bordering  Chestnut  Ridge,  south  from  Seymour,  welLs 
are  usually  obtained  at  a  depth  of  SO  feet  or  less,  though  a  few  reach 
40  feet.  They  are  mainly  through  fine  sand  or  clay,  yellow  at  top, 
but  of  blue  color  at  a  depth  of  16  to  18  feet.  A  flowing  well  on  this 
plain  is  reported  by  Professor  Ck)x  to  obtain  water  in  a  soapstone  shale 
beneath  alluvium  and  drift  at  a  depth  of  27  feet.  The  well  is  located 
on  a  branch  of  Pond  Creek,  in  sec.  7,  T.  4,  R.  5  £.,  a  few  feet  below 
the  general  level  of  the  plain. 

The  following  sections  of  wells  were  obtained  on  Chestnut  Ridge. 
Harvey  Morris's  well,  near  the  north  end  of  the  ridge,  89  feet  in  depth, 
penetrates — 

1.  Clay  containing  a  few  pebbles  in  lower  part 30 

2.  Fine  sand,  becoming  gravelly  near  bottom 69 

Total. ..  89 

Jerry  Anderson's  well,  also  near  north  end  of  ridge,  95  feet  in  depth, 
penetrates — 

Feet. 

1.  Clay,  pebbleless  at  surface,  but  quite  pebbly  below,  and  assuming  a  bine 

color  in  lower  part 53 

2.  Gray  sand  too  fine  to  screen,  bat  yielding  water 88 

3.  Gravel 5 

Total 95 

Hiram  Love's  well,  57  feet  in  depth,  penetrates 


Feet 

1.  Surface  clay  and  yellow  till ..20 

2.  Blue  till 30 

3.  GrAvel  and  sand "^ 

Total 57 

A  well  at  Mr.  Wieneke's,  on  the  highest  point  of  the  ridge,  77  fe©^ 
in  depth,  penetrates — 

Feet 

1.  Sandy  loam ^^ 

2.  Loose  sand 1^ 

3.  Reddish  gravel  and  sand  with  clay  admixture,  probably  till ^^ 

4.  Coarse  gravel ** 

Total T"^ 

A  strong  spring  gushes  out  of  the  slope  of  the  moraine  west  of  Mf - 
Wieneke's  residence  at  al)out  the  level  of  the  bottom  of  the  well  an^ 
probably  from  the  same  gravel  bed.  At  M.  T.  Cox's  residence,  on  i* 
low  part  of  the  ridge,  scarcely  50  feet  above  the  l>ordering  plain,  a  wel'^ 
107  feet  in  depth  penetrates — 

1.  Till 5^ 
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Wells  in  Dudleytown,  also  on  a  low  part  of  the  ridge,  obtain  an 

abundance  of  water  at  less  than  50  feet.     Henry  King's  well,  on  the 

slope  of  the  ridge  sonth  from  Dndleytown,  perhaps  30  feet  above  the 

level  of  the  border  plain,  reaches  a  depth  of  63  feet.     John  W.  Collin's 

well,  near  the  sonth  end  of  the  ridge,  at  an  altitude  nearly  100  feet 

above  the  plain,  obtains  water  at  50  feet.     A  log  was  penetrated  near 

the  bottom  in  a  sandy  blue  clay. 

In  the  vicinity  of  Mount  Sidney,  on  the  borders  of  the  Muscatatuck 

River,  wells  are  obtained  at  40  to  45  feet  in  sand  and  gravel  below 

tAlL    The  water  bed  is  apparently  a  little  higher  than  the  level  of  the 

river. 

SCOTT  COUNTY. 

General  statement. — Scott  County  is  situated  southeast  of  Jackson 
County,  in  the  southern  part  of  the  State,  with  Scottsburg  as  its  county 
seat.  It  has  an  area  of  but  190  square  miles.  The  greater  part  of 
the  county  is  a  low  plain  lying  along  the  eastern  base  of  the  Knob- 
stone  escarpment  and  underlain  by  Devonian  shales.  The  eastern 
and  southeastern  parts,  however,  are  more  elevated  and  are  under- 
I  lain  by  limestone.  The  greater  part  of  the  county  has  been  glaciated, 
but  the  drift  deposits  are  usually  only  a  few  feet  in  thickness,  rock 
being  entered  as  a  rule  at  20  feet  or  less.  In  the  north  part  of  the 
county,  however,  on  the  borders  of  the  Muscatatuck  there  is  at  least 
50  feet  of  drift. 

Indimdtial  wells. — At  Scottsburg,  the  county  seat,  wells  are  usually 
obtained  at  25  to  35  feet  or  less.  The  drift  is  about  50  feet.  A  gas- 
^ell  boring  near  the  railway  station  penetrates  47  feet  of  drift,  as 
follows:    • 

Feet. 

!•  A  yellowish  white  clay,  nearly  pebbleless i 15 

2.  Sand 5 

8.  Bine  till 27 

Total 47 

A  boring  at  the  fair  ground,  a  mile  southeast  from  Scottsburg, 
entered  rock  at  40  feet.  It  encountered  much  wood  in  a  blue  till  in 
it«  lower  part. 

At  Little  York,  near  the  west  line  of  the  county,  wells  usually  enter 
shale  at  15  or  20  feet,  and  obtain  water  at  depths  of  25  to  45  feet. 
Within  a  mile  east  from  Little  York  a  thicker  drift  sets  in  and  wells 
ftpe  obtained  without  entering  the  rock  at  depths  of  25  feet  or  loss. 

At  Vienna,  a  well  at  the  canning  factory  enters  rock  at  12  feet  and 
obtains  water  at  about  30  feet. 

At  Summit,  or  Underwood  Station,  near  the  south  line  of  the  county, 
^ells  usually  enter  shale  at  about  8  feet  and  obtain  water  at  20  to 
30  feet.  A  well  at  Mr.  Hosea's,  one-half  mile  west  of  this  village,  40 
feet  in  depth,  enters  shale  at  25  feet,  but  its  water  supply  la  ito\x\. 
Sravel  at  from  12  to  25  teet. 
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At  Lexington,  in  the  east  part  of  the  county,  well8  enter  limestone 
within  a  few  feet  of  tlie  surface  and  obtain  water  at  depths  of  20  to 
30  feet  or  less. 

LIMESTONE  DISTRICT  OF  SOUTHEASTERN  INDIANA.' 

Qeneral  sMement. — This  district  euibraees  Dearborn,  Ohio,  Switzer- 
land, Ripley,  Jefferson,  and  Jenninjrs  counties  and  the  east  part  of 
Scott  and  Clark  counties,  an  area  of  alwut  2,000  square  miles.  It  is 
bordered  on  the  soutlieast  ])y  the  Ohio  River  from  Lawrenceburg  to 
Jeffei*sonville,  Indiana. 

The  entire  district  has  been  glaciated,  though  lying  entirely  outside 
the  limits  of  the  later  ice  invasion,  if  we  except  a  few  square  miles 
along  the  north  border  of  Jennings  C'ounty.     On  the  higher  parts  of 
the  upland  the  drift  is  usually  but  10  to  20  feet  in  thickness,  and  is 
covered  with  a  deposit  of  white  clay  nearly  free  from  pebbles,  haWng 
an  average  thi(»kness  of  about  5  feet.     The  valleys  and  lowlands  are 
usually  filled  quite  deeply  with  drift  deposits,  especially  in  the  ease 
of  the  largei'  streams,  which  are  as  a  rule  occupying  preglacial  val- 
leys.    It  is  not  rare  to  find  in  these  valleys  a  drift  filling  to  a  height 
of  150  feet  above  the  present  beds,  and  the  deposits,  if  we  may  judge 
from  the  depth  of  drift  along  the  Ohio,  probably  extend  75  to  lOOfeet 
below  the  present  streams.     The  drift  on  the  uplands  consists  mainly 
of  a  compact  day,  and  strong  wells  are  seldom  obtained  from  thi^ 
dei)osit.     Beneath  this  clay  there  are  frequently  beds  of  black  soiL^ 
which  in  some  cases  appear  to,  be  of  interglacial  and  in  other  ease^ 
j)ossibly<)f  preglacial  agc.i    Those  thought  to  be  of  interglacial  ag*^ 
are  underlain  hy  sandy  deposits,  [)rol)ably  due,  directly  or  indirectly » 
to  the  ice  invasion.     There  are  others  which  rest  upon  the  rock  stratf*' 
or  residuaiy   (^lay,  and   these    may   l>e   of   pn^glacial   age.     Severa-l 
instances  of  the  occurrence  of  such  soils  are  presented  in  the  reports 
of  the  Indiana  geological  survey.     In  valleys  the  drift  is  often,  if  uo^ 
generally,  composed  largely  of  sand  and  gravel,  but  ha^s  bowlders  an(3 
cobble  stones  mixenl  with  the  finer  material. 

Indirulual  trflls. — The  data  concerning  the  wells  here   reported 
were  ol)tained  chiefiy  from  the*  water-supply  schedules  sent  out  t^ 
various  cities  and  villag(\s  in  the  district.     A  f(»w  were  obtained  whi^^ 
in  fic^ld  woi'k,  and  a  few  are  taken  from  the  reports  of  the  IndiaJi* 
geological  survey. 

Along  the  Ohio  Valley  wells  are  usually  obtained  at  about  the  lev^ 
of  the  Ohio  River  at  its  low-water  stage.  The  terraces  are  in  soni^ 
places  fully  100  feet  above  the  river,  and  wells  TOO  feet  in  depth  c>^ 
such  terraces  are  not  infi-equent.  They  penetrate  usually  a  gravel  O^ 
medium  coarscMiess,  interbedded  with  fine*  gravel  or  sand.  In  plac^- 
the  deposits  are  cenient*Ml,  but  this  feature  is  not  a  common  one.  Th^ 
towns  are  taken  in  order  from  Lawrenceburg  down  the  valley. 

Lawrenceburg  stands  on  a  gravel  t(»rrac(»  80  to  So  feet  above  the  lo^^' 
ivHfer  of  the  Ohio,  or  nboul  r>(K}  to  ">10  feet  abovvi  V\Ol^.    T\v^  OltMV  vyV* 
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lis  point  is  shown  by  gas  borings  to  be  about  140  feet,  reaching  a 
5vel  55  or  60  feet  below  the  low  water  of  the  Ohio.  It  is  cotnposed 
irgely  of  gravel,  and  an  abundance  of  water  may  be  obtained  by 
riving  pipes  to  the  level  of  the  river.  Professor  Orton  calls  atten- 
on,  in  the  Geology  of  Ohio,  to  an  exposure  of  a  clayey  bed  near  the 
>w- water  level  which  carries  timber  of  several  kinds.  This  is  thought 
>  be  an  old  flood  plain  of  the  river.  Concerning  it  Professor  Orton 
dmarked,  *'It  is  perhaps  too  early  to  write  out  this  history  in  its 
linuter  features,  but  the  facts  already  given  show  us  that  we  have 
a  this  sheet  of  blackened  clay  the  bottom  lands  of  the  Ohio  Valley 
f  an  earlier  day,  and,  indeed,  under  very  different  conditions  from 
dose  that  now  prevail.  The  river  then  ran  in  a  channel  lower  by  40 
eet  at  least  than  that  which  it  now  holds,  and  the  great  valley  was 
hen  empty  of  the  immense  accumulations  of  sand,  clay,  loam-,  and 
ravel  which  constitute  its  bottom  lands  and  terraces  to-day."^  A 
Imilar  blackened  clay  has  been  noted  at  several  points  below  Law- 
Bnceburg,  near  the  level  of  low  water. 

At  Aurora  a  gas  boring  shows  the  drift  to  be  92  feet  in  depth  on 
xx)und  standing  only  45  to  50  feet  above  the  low  water  of  the  river, 
'lie  wells  in  this  city  usually  obtained  water  at  about  50  feet  near  the 
Bvel  of  low  water  of  the  river. 

Rising  Sun  is  situated  on  a  terrace  standing  about  110  feet  above 

lie  river  in  its  highest  part,  but  the  town  extends  down  the  slope 

o  a  level  only  60  feet  above  the  river.     Wells  at  the  level  of  the 

op  of  the  terrace  have,  in  some  instances,  been  sunk  to  the  level  of 

ihe  river,  one  well  at  Cornelius  Harris's  being  114  feet  and  one  at 

J.  M.  Pate's  112  feet  in  depth.     Mr.  Pate's  well  obtained  some  water 

at  27  feet,  and  weak  wells  are  often  obtained  at  about  that  level 

on  the  terrace.     The  drift  at  Mr.  Pate's  well  is  mainly  sand,  but  a  bed 

of  blue  mud  was  passed  through  at  about  50  or  60  feet.     A  well  at  an 

old  mill  on  the  river  bank  120  feet  in  depth  reached  a  level  60  feet 

below  the  low  water  of  the  river  without  encountering  rock.     Only  a 

half  mile  above  the  miU,  on  fKe  Kentucky  side,  rock  extends  half  way 

across  the  river  channel  at  level  of  low  water. 

At  Vevay  wells  are  usually  obtained  at  a  depth  of  60  to  80  feet,  but 
occasionally  reach  a  depth  of  100  feet.  The  terrace  on  which  the  main 
part  of  the  town  stands  is  about  80  feet  above  low  water.  It  is  com- 
posed largely  of  fine  gravel,  which  is  cemented  m  places  at  depths  of 
20  to  50  feet.  The  supply  for  the  waterworks  at  Vevay  is  pumped 
from  the  Ohio  River. 

At  CarroUton,  Kentucky,  8  miles  below  Vevay,  Mr.  J.  F.  Jett  made 
i  boring  at  his  distillery,  near  the  mouth  of  the  Kentucky  River,  107 
'eet  in  depth,  which  reaches  a  level  50  feet  below  the  low  water  of  the 
>liio,  without  striking  rock.  The  boring  was  stopped  in  a  cemented 
rrayeh 
At  the  city  of  Madison,  Indiana,  several  wells  on  a  terrace  standing 
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90  to  100  feet  above  the  river  have  reached  a  depth  of  120  feet  without 
entering  rock.  The  terrace  in  the  eastern  portion  of  the  city  is  under- 
lain by  a  coarse  gi*avel,  but  in  the  western  portion  the  drift  becomes 
sandy.  The  waterworks  obtain  a  large  part  of  the  supply  from  the 
Ohio  River  by  infiltration  into  a  large  well  excavated  at  the  side  of 
the  river.  A  portion  of  the  supply  is  from  springs  in  the  west  part  of 
the  city.  Probably  half  of  the  population  still  depend  upon  private 
wells  and  cisterns,  there  being  only  about  1,200  private  connections 
with  the  waterworks  in  a  population  of  10,000. 

At  Jeffersonville  wells  are  obtained  at  a  depth  of  40  or  50  feet  in. 
sand  and  gravel,  water  being  found  at  about  the  low-water  level  of 
the  river  above  the  Louisville  rapids.     A  few  drilled  wells  enter  th^ 
hydraulic  limestone  8  to  12  feet.     This  limestone  is  struck  in  portions 
of  the  city  just  below  the  level  of  low  water. 

Statistics  concerning  wells  were  obtained  at  several  villages  on  the 
uplands  in  these  southeastern  counties  of  Indiana,  as  follows:  At 
Versailles,  the  county  seat  of  Ripley  County,  wells  are  obtained  at 
depths  of  18  to  25  feet  in  the  upper  part  of  the  limestone.  At  Osgood 
wells  are  usually  obtained  near  the  base  of  the  drift  at  depths  of  9  to 
15  feet.  Occasionally  wells  are  drilled  to  a  depth  of  100  feet  or  more 
in  the  northern  part  of  Ripley  County.  At  North  Vernon,  in  Jen- 
nings County,  wells  are  obtained  at  depths  of  12  to  35  feet,  the  major- 
ity being  about  25  feet.  They  usually  enter  the  rock  a  few  feet. 
The  waterworks  obtain  a  supply  from  the  Muscatatuck  River. 
The  village  of  Vernon  also  obtains  its  waterworks  supply  from  the 
Muscatatuck  River.  At  Charlestown,  formerly  the  county  seat  of 
Clark  County,  wells  are  obtained  at  a  depth  of  30  to  35  feet,  usually 
in  the  Corniferous  limestone.  A  few,  however,  reach  this  depth  with- 
out entering  rock.  In  wells  where  drift  25  to  30  feet  in  thickness  is 
penetrated  it  is  quite  common  to  find  a  blue  mud  carrying  tree  trunks 
or  small  pieces  of  wood  near  the  base  of  the  drift.  Rock  is  ordinarily 
struck  in  this  village  at  about  12  feet.  There  are  four  very  strong 
springs  within  the  corporate  limits  of  (he  town,  which  are  made  use 
of  by  many  of  the  residents. 

The  following  sections  of  wells  on  the  uplands,  taken  from  the 
reports  of  the  Indiana  Geological  Survey,  are  of  interest  in  showing 
the  presence  of  a  buried  soil.  Mr.  N.  Van  Osdol's  well,  in  the  broken 
upland  of  Ohio  County,  sec.  6,  T.  3,  R.  2  W.,  penetrates — 

Feet, 

1.  Soil  and  clay 22 

8.  Yellow  sand,  quite  hard  or  cemented 9 

3.  Bine  clay,  hard,  without  pebbles 1^ 

4.  Black  soil  containing  rotten  leaves,  twigs,  and  wood,  thought  to  be  walnut. .  1| 

5.  Coarse  sand,  gravel,  and  shelly  stone 9 

6.  Hard  blue  limestone 1 

Total ..  44 
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At  Mr.  J.  B.  Gordon's,  sec.  4,  T.  5,  R.  12  E.,  in  the  northwest  part 
di  Switzerland  Connty,  a  well  penetrates — 

Feet. 

1.  Soil  and  day,  pale  in  lower  part 22 

a.  Bine  mad  resembling  recent  allnyiom 6 

S.  Black  soil,  containing  leayes,  cedar  wood,  and  ocheroos  particles 8 

4.  Small  stones  closely  packed  together   1 

Total 32 

It  is  thought  that  the  bottom  bed  in  this  well  is  native  rock.  A 
neighboring  well  struck  leaves  and  i)oplar  bark  at  32  feet.  Wells  in 
that  vicinity  often  enter  rock  at  10  to  14  feet.  In  the  vicinity  of  Paris 
Crossing,  in  the  extreme  southera  part  of  Jennings  County,  buried 
timber  is  often  found  in  digging  wells  on  land  60  to  70  feet  above  the 
bed  of  Graham  Creek.  In  one  well  sunk  by  Mr.  John  F.  Files  it  is 
estiinated  that  at  least  a  h^lf  cord  of  wood  was  taken  from  a  well  at  a 
depth  of  32  to  40  feet.  The  wood  appears  to  be  birch,  and  specimens 
were  sent  to  the  State  museum.  The  wood  is  much  crushed  and 
twisted,  but  it  was  found  suitable  for  fuel  and  was  thus  made  use  of 
by  Mr.  Files.     The  following  is  the  section  of  the  beds  penetrated — 

Feet. 

!•  Light-colored  day  with  darl^er  shades  below 10 

^  Odier-colored  day  with  flint  pebbles,  increasing  in  hardness  toward  the 

bottom 19 

8>  Very  hard  bed  of  day  and  gravel 2to  3 

4.  Sandy  bine  day,  with  water;  also  limbs,  twigs,  and  roots  of  trees 7  to  10 

Total 38to42 

ft 

The  ingress  of  water  prevented  the  deepening  of  the  well,  and  the 
Wall  was  commenced  on  the  driftwood  at  its  bottom.  A  well  at  South 
Milan,  in  eastern  Ripley  County,  54  feet  in  depth,  did  not  enter  rock, 
though  quarries  are  opened  in  that  vicinity  at  about  the  level  of  the 
Well  mouth.  The  following  is  a  section  of  the  well  made  by  the  rail- 
way eomixany: 

Feet. 

I*  liigfat-colored  day 10tol4 

^  Yellow  clay,  with  flint,  gravel,  and  fossil  corals 12 

^  Bine glaciiil day  ...I.., 12 

^  Coarse  yellow  sand,  with  recent  shells  and  water 8 

^  Bine  clay  and  mnck,  containing  roots  and  limbs  of  trees 8 

Total 54 

KNOBSTONB  BELT  OP  SOUTHERN  INDIANA. 

The  portion  of  this  belt  outside  the  drift  border  covers  the  greater 
part  of  Brown  and  Jackson  counties,  western  Bartholomew,  north- 
eastern Washington,  western  Scott,  western  Olark^  and  a  narrow 
strip  in  Floyd  and  Harrison  counties,  an  area  of  about  1,200  square 
miles.  Its  ridges  stand  800  to  1,150  feet  above  tide  and  com^Tv^  l\i^ 
highest  land  in  that  part  of  the  State.     The  wril^t  \&  i^T^ocksK^ 
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acquainted  with  but  a  small  part  of  this  belt  and  has  found  but  few 
published  data  bearing  upon  ite  capacity  for  supplying  wells.  In  the 
roughest  portions  agriculture  is  carried  on  with  difficulty,  and  the  few 
residents  depend  largely  upon  cisterns  and  springs;  but  in  the  less 
rugged  and  more  thickly  settled  portions  wells  are  said  to  be  in  use. 
Nothing  has  been  learned  to  indicate  that  difficulty  is  experienced  in 
obtaining  water  of  gO(Kl  quality  at  convenient  depths.  The  few  wells 
reported  show  an  average  depth  of  but  20  to  30  feet. 

LIMESTONE  BELT  OF  SOUTHERN  INDIANA. 

The  portion  of  this  belt  outside  the  drift  border  covers  the  greate] 
part  of  Monroe,  Lawrence,  Washington,  Orange,  and  Harrison  coun- 
ties, also  western  Floyd  and  eastern  Crawford  counties,  a  combine 
area  of  about  2,000  sciuaro  miles.     This  limestone  belt  has  generally"'==*^ 
an  abundance  of  good  water  within  50  feet  of  the  surface,  and  good^C^ 
wells  30  feet  in  depth  are  not  rare.     In  a  few  cases  wells  have  been-^c~i 
sunk  to  depths  of  100  to  150  feet,  with  a  view  to  increasing  the  amonnt«^=Vt 
of  water.     However,  the  few  data  at  hand  seem  to  indicate  that  the 
chances  for  obtaining  fresh  water  in  the  upper  1(X)  feet  are  better  than 
at  lower  depths.     The  early  settlers  made  open  wells,  but  in  recent-, 
years  drilled  wells  an;  coming  into  use.     The  latter  are  sunk  to 
greater  average  depth  than  the  former,  but  are  seldom  more  than  lOOOZO 
feet.    The  extreme  hardness  of  the  water  is  also  objectionable  an(^^3 
has  led  to  extensive  use  of  rain  water  collected  in  cisterns. 

Some  of  the  strong  sulpho-saline  wells  and  springs  of  southercr-j 
Indiana  which  have  ^ain(»<l  wid<^  reputation  for  medicinal  propertie  i*. 
are  obtained  in  this  linn^stono.     There  are  manj'^  salt  and  sulpha -»• 
springs  which  liavi^  nev(»r  been  brought  to  i)ublic  notice  on  account 
of  their  diffieuU  accessibility  or  other  adverse  conditions.     Some  wells 
and  springs  were  used  in  the  manufacture  of  siilt,  on  a  small  scale, 
in  the  early  days  of  si^ttlement,  before  the  great  salt  industries  of  the 
neighboring  States  were  developed.     Salt  Creek,  one  of  the  main  tribu- 
taries of  East  White  River,  receives  its  name  from  springs  of  sa^l^ 
water  found  on  its  middle  and  lower  coui-ses. 

CONGLOMERATE  SANDSTONE  OF  SOUTHERN  INDIANA. 

This  sandstone  forms  a  narrow  belt  along  the  west  border  of  t*^® 
limestone,  its  average  width  of  outcroi)  being  scarcely  10  miles.  Li^^ 
the  Knobstone  Ix^lt,  it  is  characterized  by  sharp  ridges  and  hi  1^^» 
which  are  but  sparsely  settled,  agriculture  being  carried  on  with  d^^' 
liculty.  The  wat<n'  afforded  l)y  springs,  together  with  cistern  wa*'^^ 
collected  from  roofs  of  dwellings,  often  supply  the  needs  of  the  ro^^' 
dents.  Wells  are  apparently  less  conimcm  than  in  the  limestone  tl^^ 
trict  on  the  east,  and  an>  far  less  numerous  than  in  the  Coal  Measur^^ 
basin  that  borders  it  on  the  west.  The  f(?w  available  data  concerninS^ 
wells  in  this  sandstone  indicate  that  a  fair  supply  of  water  may  b^ 
obtained  at  convenient  depths. 
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COAL  MEASURES  BASIN    OF  SOUTHWESTERN  INDIANA. 

Under  this  head  is  included  the  portion  of  western  Indiana  south 
irom  Vigo,  Clay,  iand  Owen  counties  covered  by  the  Coal  Measures 
sandstone  and  shale,  an  area  of  about  4,500  square  miles.     Fully  two- 
thirds  of  this  region  has  a  thin  coating  of  drift.     The  remainder  is 
driftless,  except  a  coating  of  loess. 

The  loess  seldom  affords  a  supply  of  water  for  wells,  as  it  is  usually 
but  5  to  10  feet  in  depth.  The  glacial  drift  may  be  depended  upon 
in  perhaps  half  its  extent  in  this  region  to  supply  a  sufficient  amount 
of  good  water  for  the  needs  of  the  residents.  Where  it  exceeds  20  feet 
in  depth  there  is  usually  present  a  water- beariug  bed  which  will 
supply  wells  for  household  use.  Occasionally  wells  strong  enough  to 
t  supply  the  stock  on  a  farm  are  obtained  from  drift  deposits,  but  the 
^  strong  wells  are  usually  obtained  from  the  rock.  Along  the  Wabash 
[  Valley,  however,  strong  wells  are  generally  obtained  in  glacial  depos- 
I  its  at  shallow  depths,  there  being  a  heavy  deposit  of  water-bearing 
I    gravel  in  the  valley. 

Along  the  Ohio  Valley  above  Mount  Vernon  there  are  extensive 
t    bottom  lands,  in  which  a  compact  clay  must  be  penetrated  60,  80,  and 
\    occasionally  100  feet  or  more  before  water-bearing  sand  or  gravel  is 
.    reached.     Similar  bottoms  occur  in  Evansville  and  just  above  the 
city.   Farther  east,  between  Yankeetown  and  Rockport,  wide  bottoms 
are  underlain  by  sand,  in  which  wells  are  obtained  at  depths  of  but 
20  to  40  feet.    Many  of  tliese  wells  overflow  and  afford  excellent  water. 
Where  wells  are  not  obtained  in  the  drift  they  are  usually  obtained 
in  the  underlying  rock  at  convenient  depths — 30  to  60  feet,  or  less. 
The  wells  in  the  driftless  portion  also  usually  obtain  water  at  conven- 
ient depths.     The  water  in  these  shallow  wells  in  rock  is  in  some 
localities  objectionable  because  of  sulphates,  and  is  known  as  "cop- 
peras water,"  but  the  great  majority  of  wells  yield  water  of  pleasant 
taste  and  harmless  quality. 

A  few  wells  have  been  sunk  to  depths  of  200  feet  or  more  which 
obtained  fresh  water.  Coal  shafts  also  have  in  some  cases  struck 
fresh  water  at  similar  depth.  The  chances,  however,  are  against 
obtaining  fresh  or  potable  water  from  such  depths,  and  the  residents 
nsually  make  use  of  large  cisterns  if  water  can  not  be  obtained  in 
suitable  amount  from  shallow  wells. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Division  of  Hydrography, 

Washington,  March  i,  1S99, 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  giTing 

the  results  of  operations  at  the  river  stations  in  the  eastern  and 

central  portions  of  the  country  during  the  calendar  year  1898,  together 

with  related  data,  for  publication  in  the  series  of  papers  upon  water 

supply  and  irrigation.     The  data  for  the  western   portion  of  the 

country  (Part  II)  will  be  transmitted  as  the  succeeding  number  of 

the  series. 

Very  respectfully, 

F.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  Staies  Oeologicaal  Survey, 
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DERATIONS  AT  RIVER  STATIONS,  1898, 

PART  I. 


INTRODUCTIOX. 

rhe  following  pages  contain  descriptions  of  the  river  stations  main- 
ned  during  1898  by  the  United  States  Geological  Survey,  together 
h  tables  of  the  average  daily  height  of  water,  results  of  measure- 
nt8  of  discharge,  and  rating  tables  constructed  from  the  latter  and 
)licable  in  general  for  the  calendar  year.  Similar  facts  have  been 
ated  for  the  year  1896  in  Water-Supply  Paper  No.  11,  and  for  1897 
Water-Supply  Papers  Nos.  15  and  16.  In  the  papers  mentioned 
description  of  each  station  has  been  given,  next  the  date  and 
lit  of  each  measurement,  followed  by  the  table  of  daily  gage 
l^hts.  In  the  present  manuscript  the  order  has  been  modified  in 
Br  to  secure  a  more  concise  presentation.  The  stations  have  been 
aped  in  geographic  order,  and  for  each  group  the  descriptions  of 
)f  the  stations  have  been  given;  following  these  all  of  the  gage 
^hta  for  the  group,  then  all  of  the  discharge  measurements  and 
rating  tables.  In  the  case  of  river  stations,  where  the  changes 
e  been  trivial  in  character,  the  descriptions  have  not  been  repeated, 
reference  made  to  the  page  of  preceding  papers  where  more  fully 
bribed. 

he  material  above  noted  consists  essentially  of  the  results  of 
rations  at  the  river  stations,  and  forms  the  basis  for  computations 
laily,  monthly,  and  annual  flow.  In  order  to  make  these  neces- 
7  computations  considerable  time  and  labor  is  involved  and  the 
ilting  facts  can  be  most  clearly  and  concisely  given  by  diagrams. 
I  preparation  of  the  computations  and  the  diagrams  necessitates 
voidable  delaj's,  and  therefore  it  has  been  the  custom  to  present 
facts,  such  as  are  given  herewith,  as  soon  as  possible  after  the 
e  of  the  calendar  year,  so  that  the  original  data  may  be  available 
n  early  date  to  all  who  are  concerned  with  their  use.  ^^^lile  these 
inal  figures  are  being  printed  the  computations  of  final  results 
being  prepared,  and,  with  the  illustrations,  have  in  the  past  been 
le  to  form  a  part  of  the  annual  report  of  the  Director  of  the 
logical  Survey.  For  example,  the  results  for  1896,  mentioned 
ve,  as  given  in  Water-Supply  Paper  No.  11,  are  fully  d\^ci\x^^(\.m 
t  IV  of  the  'Eighteenth  Annual  Report,  also  the  OT\gviia\  v\^a.\».iQt 
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1897,  given  in  Water-Supply  Papers  Nos.  15  and  16,  are  published  in 
final  form  in  the  Njnet^enth  Annual  Report,  Part  IV.  In  the  same 
way  the  figures  herewith  given  form  the  basis  for  conclusions,  being 
prepared  for  publication  in  Part  IV  of  the  Twentieth  Annual  Report. 

Most  of  the  measurements  herewith  presented  have  been  obtained 
through  local  hydrographers,  a  comparatively  small  part  of  the  work: 
having  been  conducted  directly  from  the  office  of  the  Geological 
Survey  at  Washington.  Acknowledgment  is  therefore  due  to  each 
of  these  persons  individually.  Thanks  should  also  be  extended  to 
individuals  and  corporations  who  have  cooperated  in  various  ways, 
either  by  furnishing  readings  of  height  of  water  or  assisting  in 
transportation.  The  following  list  gives  the  names  of  the  resident 
hydrographers  or  persons  cooperating,  this  being  arranged  alpha- 
betically by  States: 

Arizona:  W.  A.  Parish,  civil  engineer.  Phoenix;  Albert  T.  Colton, 
civil  engineer,  Florence. 

California:  J.  B.  Lippincott,  civil  engineer,  Los  Angeles. 

Colorado:  A.  L.  Fellows,  deputy  State  engineer,  Denver. 

Georgia  and  Alabama:  Prof.  B.  M.  Hall,  civil  engineer,  Atlanta,  Ga., 
and  Prof.  W.  S.  Yeates,  State  geologist,  Atlanta. 

Idaho :  Frank  S.  Shirley,  civil  engineer,  Boise. 

Kansas:  W.  G.  Russell,  Russell;  Prof.  E.  C.  Murphy,  State  Uni- 
versity, Lawrence. 

Maryland:  Prof.  W.  B.  Clark,  State  geologist,  Baltimore. 

Montana:  S.  M.  Emery,  director  experiment  station,  Bozeman;  and 
Roe  Emery,  Bozeman. 

Nebraska:  Prof.  O.  V.  P.  St^out,  State  University,  Lincoln,  assisted 
by  Adna  Dobson  and  Glenn  E.  Smith. 

Nevada:  L.  H.  Taylor,  civil  engineer,  Golconda. 

New  Mexico:  P.  E.  Harroun,  civil  engineer,  Santa  Fe. 

North  and  South  Carolina:  Prof.  J.  A.  Holmes,  State  geologist, 
Chapel  Hill,  N.  C,  assisted  by  E.  W.  Myers. 

Texas:  Prof.  Thomas  U.  Taylor,  State  University,  Austin. 

L^tah:  Prof.  Samuel  Fortier,  civil  engineer,  Corinne. 

Virginia  and  West  Virginia:  Prof.  D.  C.  Humphreys,  Washington 
and  Lee  Univei^sity,  Lexington,  Va. 

Washington:  Sydney'  Arnold,  civil  engineer,  North  Yakima;  Wil- 
liam J.  Ware,  civil  engineer,  Port  Angeles. 

Wyoming:  Clarence  T.  Jolinston,  civil  engineer,  Cheyenne. 

In  a  number  of  instances  related  data  have  been  inserted,  such,  for 
example,  as  results  of  comi^utation  of  daily  flow  at  mill  dams,  made 
by  local  engineers,  and  data  of  river  heights  obtained  from  the  United 
States  Weather  Bureau  or  Corps  of  Engineers,  L'nited  States  Army. 
Reference  to  these  facts,  mainly  unpublished,  has  been,  or  will  be, 
made  in  other  publications  of  this  survey,  and  they  are,  therefore, 
p]nced  in  consecutive  order  for  convenience  of  reference. 
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The  methods  of  meHSurement  of  discharge  of  the  various  streams 
Dd  the  computations  have  been  described  in  a  general  way  on  pages 
8-30  of  the  Nineteenth  Annual  Report,  Part  IV.  There  has  been 
radual  progress  and  development  of  details,  but  the  operations  there 
escribed  have  remained  essentially  unchanged. 

NORTHERN  ATIiANTIC  COAST  DRAINAGE. 

DESCRIPTION  OP  RIVER  STATIONS. 

aierviUe  station  07i  Kennebec  River. — Computations  of  discharge 
I  Kennebec  River  at  Wat^rville,  Maine,  have  been  made  by  Mr. 
jmner  Hollingsworth,  president  of  the  Hollingsworth  A  Whitney 
ompany,  those  beginning  on  November  15,  1891,  being  fragmentary 
1  character  through  1892.  Prior  to  June  20,  1893,  computations  are 
ised  upon  the  flow  over  the  dam  as  determined  by  weir  formula, 
ibsequent  to  that  date  figures  are  from  computations  of  the  flow 
rough  turbines,  using  assumed  readings,  to  which  has  been  added 
ly  excess  passing  over  the  crest  of  the  dam.  The  figures  really  give 
e  discharge  at  noon  on  each  day,  this  hour  being  the  time  when  the 
m  is  least  affected  by  storage  of  dams  upstream,  and  as  giving  most 
adily  the  average  for  the  day.  A  summary  of  results  is  given  on 
^e  75  of  the  Nineteenth  Annual  Report,  Part  IV. 
Rumford  FaUs  station  on  Androscoggin  River, — Computations  of 
^charge  made  of  Androscoggin  River  at  Rumford  Falls  are  described 
I>age  92  of  the  Nineteenth  Annual  Report,  Part  IV.  They  begin 
May  18,  1892,  and  extend  to  the  end  of  April,  1895.  Until  Janu- 
jT,  1893,  the  discharge  was  determined  from  the  computed  flow  over 
3  dam,  as  given  by  Francis's  ordinary  weir  formula.  Subsequent 
that  time,  as  water  was  used  for  power,  additions  were  made  to 
>  computed  flow  over  the  dam  of  the  amounts  assumed  to  pass 
rough  the  turbines,  until  July,  1895.  Since  that  date  the  quanti- 
s  are  the  sums  of  the  actual  measured  quantities  passing  through 
i  wheels  and  the  computed  flow  over  the  dam.  The  gage  readings 
i  taken  at  the  lower  dam,  and  at  flrst  were  made  once  a  day,  later 
ir  times  a  day,  and  subsequently  every  two  hours.  The  results 
ve  been  kindly  furnished  by  Mr.  Charles  A.  Mixer,  resident  engi- 
er  of  the  Rumford  Falls  Power  Company.  A  summary  of  the 
lults  is  given  on  page  93  of  the  Nineteenth  Annual  Report, 
rt  IV. 

LambertviUe  station  on  Delaware  JfJu'er.— rDescribed  on  page  7  of 
per  No.  15;  results  for  1897  shown  on  page  122  of  the  Nineteenth 
inual  Report,  Part  IV. 

Harrisburg  station  on  Susquehanna  River. — Described  on  page  8 
Paper  No.  15;  results  for  1897  given  on  page  122  of  the  Nineteenth 
inual  Report,  Part  IV. 
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Roivlandstnlle  station  on  Octoraro  Creek, — Described  on  page  12  of 
Paper  No.  15;  results  for  1897  given  on  page  128  of  the  Nineteenth 
Annual  Report,  Part  IV. 

Woodstock  station  on  Patapsco  River, — Described  on  page  13  of 
Paper  No.  15;  results  for  1897  given  on  page  129  of  the  Nineteenth 
Annual  Report,  Part  IV. 

Laurel  station  on  Patuxent  River, — Described  on  page  14  of  Paper 
No.  15;  results  for  1897  shown  on  page  131  of  the  Nineteenth  Annual 
Report,  Part  IV. 

Sharpsburg  station  on  Antietam  Creek, — Described  on  page  16  of 
Paper  No.  15;  results  for  1897  shown  on  page  149  of  the  Nineteenth 
Annual  Report,  Part  IV.  On  January  26, 1898,  a  United  States  Geo- 
logical Survey  standard  copper  bolt  bench  mark  was  set  in  a  rock  on 
the  left  bank  of  the  stream,  150  feet  upstream  from  the  point  where 
the  cable  enters  the  ground.     This  is  16.34  feet  above  gage  datum. 

Port  Republic  station  on  North  and  South  rivers. — Described  on 
page  17  of  Paper  No.  15;  result  for  1897  shown  on  page  138  of  the 
Nineteenth  Annual  Report.  Part  IV.  No  measurements  were  made 
on  these  rivers  in  1898. 

Millville  station  on  Shenandoah  River, — Described  on  page  19  of 
Paper  No.  15;  results  for  1897  shown  on  pages  150  and  151  of  the 
Nineteenth  Annual  Report,  Part  IV. 

Frederick  station  on  Monocacy  River, — Described  on  page  20  of 
Paper  No.  15;  results  for  1897  shown  on  page  154  of  the  Nineteenth 
Annual  Report,  Part  IV. 

Point  of  Rocks  station  on  Potomac  River, — Described  on  page  21  of 
Paper  No.  15;  results  for  1897  shown  on  page  152  of  the  Nineteenth 
Annual  Report,  Part  IV. 

Park  station  on  Rock  Creek, — Described  on  page  22  of  Paper  No.  15; 
results  for  1897  given  on  page  155  of  the  Nineteenth  Annual  Report, 
Part  IV.     No  rating  table  was  constructed  for  lack  of  sufficient  daU. 

Glasgow  siation  on  North  of  James  River, — Described  on  page  23 
of  Paper  No.  15;  results  for  1897  given  on  page  162  of  the  Nineteenth 
Annual  Report,  Part  IV, 

Buchanan  station  on  James  7?? ver.— Described  on  page  24  of  Paper 
No.  15;  results  for  1897  given  on  page  172  of  the  Nineteenth  Annual 
Report,  Part  IV.  The  observer  is  W.  H.  Hyde.  The  temporary 
bench  mark  is  the  upper  end  of  the  fifth  floor  beam  from  the  left  bank. 
It  is  at  an  elevation  of  30  feet  above  the  zero  of  the  gage. 
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yiQy  ditcharge  of  Ketinriiee  River  at  WaterviUe,  Maine,  in  cubic  feet  per  aeeond, 
average  for  the  txoenty'fonr  hour$ — ContuiTied. 
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Daas  gage  height,  in  feet,  of  South  River  at  Port  JtepuNte,  Virgiaia,  for  JSBS. 
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Daily  gage  height,  in  feet,  of  Slonoeaey  River  at  Frederiek,  Maryland,  for  IS9S, 
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gage  height,  in  feel,  ofJamet  River  at  Btiehatian,  Virginia,  for  JSSS. 
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DESCRIPTION  OF  RIVER  STATIONS. 

SooTioke  station  on  Roanoke  River. — Described  on  page  25  of 
Paper  No.  15;  results  for  1897  shon-ii  on  page  174  of  the  Nineteenth 
Aanaal  Report,  Part  IV.  Tiie  observer  since  September  3,  1898,  has 
been  Preston  Lyons. 

Clarksville  station  on  Dan  and  Sfaunion rivers. — Described  on  page 
88  of  Paper  No.  15;  results  for  1897  shown  on  page  176  of  the  Nine- 
teenth Annual  Report,  Part  lY.  This  station  was  discontinued  on 
Febraary  26,  1898. 

Neal  station  on  Roanoke  Biver. — Described  on  page  28  of  Paper 
Ko,  16;  results  for  1897  given  on  page  174  of  the  Nineteenth  Annual 
Report,  Part  IV. 

Tarboro  station  on  Tar  Riier. — Described  on  page  29  of  Paper  No. 
15;  results  for  1897  given  on  page  183  of  the  Nineteenth  Annual 
Report,  Part  IV. 

Selma  aiation  on  Neuse  River. — Described  on  page  30  of  Paper  No. 
15;  results  for  1897  given  on  page  185  of  the  Nineteenth  Annual 
Report,  Part  IV. 

JtfoTicwre  station  on  Haw  River. — This  station,  established  May  6, 
1898,  is  located  about  1}  miles  north  of  Moncure,  Chatham  County, 
Korth  Carolina,  at  the  bridge  of  the  Seaboard  Alt  liinei^Wt^  ctossea 
the  river  here,  and  about  2  miles  from  the  junotton  ■w'AV  VSifetJ^fe'v 
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River  to  form  the  Cape  Fear.  The  observer  is  M.  A.  Moore,  Moncnre 
Chatham  County,  North  Carolina,  who  also  attends  the  station  01 
Deep  River.  The  gage  is  a  horizontal  rod,  well  painted,  divided  int< 
feet  and  tenths,  and  securely  nailed  to  the  outer  side  of  the  guard  rai 
of  the  bridge  on  the  upstream  side.  The  two-foot  mark  on  the  ro< 
is  over  the  center  of  the  second-floor  beam  from  the  south  end  of  th 
second  span  from  the  south  end  of  the  bridge.  The  outer  rim  0 
the  pulley  wheel  is  0.3  foot  from  the  zero  of  the  gage  rod  and  the  dis 
tance  from  the  end  of  the  weight  to  the  pointer  on  the  wire  rope  i 
43.45  feet,  the  gage  reading  zero  when  the  weight  touches  the  bottou 
of  the  stream.  The  initial  point  for  soundings  is  a  notch  cut  in  thi 
guard  rail  opposite  the  south  end  of  the  bridge  and  on  the  upstrean 
side,  the  section  here  being  better  than  that  on  the  downstream  side 
The  channel  is  straight  for  some  distance  above  and  below  the  statioi 
The  velocity  is  good  and  uniformly  distributed  across  the  stream.  Botl 
banks  are  rather  low  and  somewhat  subject  to  overflow  in  time  0 
flood.  The  bed  of  the  stream  is  of  coarse  sand  and  gravel,  and  isprob 
ably  not  subject  to  any  decided  change  in  high  water.  The  curren 
here  is  somewhat  modified  by  a  flsh  dam  about  150  yards  above  th* 
bridge.    The  station  is  reached  by  private  conveyance  from  Moncure 

Moncure  station  on  Deep  River. — This  station,  established  May  5 
1898,  is  located  about  one- fourth  of  a  mile  south  of  Moncure,  Chathan 
County,  North  Carolina,  at  the  covered  wooden  bridge  of  the  Seaboan 
Air  Line,  which  crosses  the  river  here,  and  about  2  miles  above  th 
junction  with  the  Haw  River  to  form  the  Cape  Fear.  The  observer  i 
M.  A.  Moore,  Moncure,  Chatham  Count}^  North  Carolina,  a  farme 
and  also  bridge  watchman,  living  about  100  yards  from  the  bridge 
The  gage  is  a  horizontal  rod,  well  painted,  divided  into  feet  and  tenths 
and  securely  nailed  to  the  guard  rail  of  the  bridge.  The  zero  of  th 
rod  is  50  feet  south  of  the  north  end  of  the  second  span  of  the  bridg 
from  the  north.  The  outer  rim  of  the  pulley  wheel  is  3.7  feet  from  th 
zero  of  the  rod,  and  from  the  end  of  the  weight  to  the  pointer  on  th 
wire  rope  is  45.16  feet,  the  gage  reading  zero  when  the  weight  touche 
the  bottom  of  the  river.  The  initial  point  for  soundings  is  a  note 
cut  in  the  guard  rail  opposite  the  south  end  of  the  bridge  and  on  th 
downstream  side.  The  channel  is  straight  for  some  distance  abov 
and  below  the  station.  The  velocity  is  not  great  but  sufficient  fo 
the  purpose,  and  is  well  distributed  across  the  stream.  Both  bank 
are  rather  low  and  subject  to  overflow.  The  bed  of  the  river  is  c 
fine  sand  and  mud,  and  is  probably  subject  to  change  in  high  watei 

FayeiteviUe  station  on  Cape  Fear  River. — Described  on  page  31  c 
Paper  No.  15;  results  for  1807  given  on  page  187  of  the  Nineteent 
Annual  Report,  Part  IV. 

Salisbury  station  on  Yadkin  River. — Described  on  page  32  of  Pape 
No.  15;  results  for  1807  given  on  page  104  of  the  Nineteenth  Annuj 
Report,  Part  IV. 

Norwood  station  on  Yadkin  (Pedee)  River. — Described  on  page  l 
of  Paper  No.  15;  results  for  1807  given  on  page  194  of  the  Nineteent 
Anniml  Report,  Part  IV, 
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Catawba  slcUion  on  Catawba  River. — Described  on  page  34  of  Paper 
No.  15;  results  for  1897  shown  on  page  204  of  the  Nineteenth  Annual  Re- 
port, Part  rv.  The  observer  since  July  2, 1898,  has  been  C.  A.  Reid ,  jr. 
RockhiU  station  an  Caiawba  River. — Described  on  i)age  35  of  Paper 
No.  15;  results  for  1897  shown  on  page  204  of  the  Nineteenth  Annual 
Report,  Part  IV.  The  rating  table  for  this  station,  printed  on  page 
213  of  the  above  report,  does  not  fairly  represent  the  conditions  pre- 
vailing from  February  to  December,  1897.  The  drought  that  began  in 
Angast  of  that  year  and  continued  until  the  latter  half  of  October 
was  the  most  severe  in  the  history  of  the  State,  if  not  in  the  history  of 
the  South  generally,  and  the  streams  attained  a  lower  stage  of  flow 
than  ever  before,  according  to  the  testimony  of  those  living  near  them. 
Also  the  level  of  the  underground  waters,  as  shown  by  the  wells  and 
springs,  was  lower  than  for  a  quarter  of  a  century.  As  shown  by  the 
gage  heights  of  the  rivers,  all  of  them  during  September  and  October 
of  this  year  reached  a  stage  of  flow  lower  than  at  any  time  during  the 
year  or  during  the  preceding  years.  The  rating  table  and  the  gage 
heights  for  the  upper  station  on  this  river  show  that  the  minimum 
flow  for  this  year  was  during  this  period.  It  therefore  appeal's  that  the 
same  should  be  true  for  this  lower  station,  but  instead  the  rating  table 
makes  the  minimum  flow  for  the  year  come  in  January,  which  is  out 
of  accord  not  only  with  the  abnormal  conditions  prevailing  at  this 
time,  but  with  those  of  the  normal  year. 

Oaffney  station  on  Broad  River  (a  tribviary  of  Santee  River). — 
This  station  has  been  changed  from  the  locality  described  on  page  36 
of  Paper  No.  15.     The  gage  wire  was  broken  on  October  1, 1898,  and 
on  October  25  the  gage  was  moved  to  Gaffney  Ferry,  about  200  yards 
above  the  railroad  bridge,  where  there  is  a  better  section  and  where 
nearly  all  the  measurements  have  been  taken.     The  gage  was  moved 
in  the  following  manner:  A  small  temporary  gage  was  set  up  at  the 
ferry  in  order  that  the  rise  or  fall  of  the  river  might  be  determined 
and  allowed  for  in  the  final  setting  of  the  gage  in  its  new  position. 
The  wire  to  the  gage  at  the  railroad  bridge  was  then  replaced  and 
the  gage  reading  taken.     The  rod  was  then  removed  and  taken  to  the 
ferry.     The  temporary  gage  was  read  again  and  with  the  same  result 
as  before,  indicating  that  the  water  was  at  a  stand.     This  being  the 
ease,  all  that  was  necessary  to  set  the  gage  was  to  make  the  reading 
in  its  new  position  the  same  as  in  its  old  position.     From  the  fact, 
however,  that  in  its  old  position  the  water  had  frequently  fallen  below 
the  zero  of  the  gage,  it  was  thought  best  to  change  the  position  of  the 
rod  somewhat,  and  accordingly  the  zero  of  the  rod  was  moved  down- 
ward 2  feet.     The  reading  at  the  bridge  was  0.90  foot;  the  new  read- 
ing was  therefore  2.90  ^et.     The  observations  from  January  1  to 
September  30  have  been  adjusts  to  the  new  zero  by  adding  2  feet. 

The  rod  is  securely  nailed  and  braced  to  a  large  overhanging  tree 
just  east  of  Gaffney  Ferry,  on  the  south  side  of  lYie  t\v«t,  ^xA  \N\ft 
rod  18  72  feet  west  of  a  bench  mark  consisting  ot  a  latg^  ^\ft«\  ivaJ\ 
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driven  in  a  notch  cut  in  the  root  of  a  large  elm  tree  on  the  south  side 
of  the  river,  just  to  the  east  of  the  road  leading  to  the  ferry  and 
about  30  feet  from  the  river  bank.  The  zero  of  the  rod  is  13.29  feet 
below  this  nail/  The  bottom  here  is  sand,  with  some  mud,  and  quite 
smooth.  The  velocity  is  quite  rapid,  well  distributed  all  the  way 
across,  and  the  channel  is  straight  for  some  distance  above  and  below 
the  station.  The  services  of  the  ferryman,  John  W.  Gaffney,  Gaffney, 
South  Carolina,  were  obtained  to  take  charge  of  the  gage. 

Alston  station  on  Broad  River  {trihxdary  to  Santee  River). — ^De- 
scribed on  page  37  of  Paper  No.  15;  results  for  1897  shown  on  page  215 
of  the  Nineteenth  Annual  Report,  Part  IV. 

Waterloo  station  on  Salitda  River. — Described  on  page  38  of  Paper 
No.  15;  results  for  1897  shown  on  page  221  of  the  Nineteenth  Annaal 
Report,  Part  IV. 

Madison  station  on  TugaJo  River. — Established  July  19,  1898,  at 
Cooks  Ferry,  about  half  a  mile  from  Madison,  South  Carolina,  and  1 
mile  below  the  Southern  Railway  bridge  on  Tugalo  River.  S.  C.  Cobb, 
a  farmer  living  in  Georgia,  about  300  yards  from  the  ferry,  was 
employed  on  July  19, 1898,  as  observer;  but  the  discharge  measurements 
were  begun  on  May  26, 1898.  The  gage  is  a  2  by  4  inch  scantling,  10 
feet  long,  graduated  to  feet  and  tenths,  and  nailed  to  a  sycamore  tree 
on  the  right  bank  at  the  ferry  landing.  Higher  stages  are  noted  on  the 
sycamore  above  the  rod  by  measuring  up  from  the  top  of  rod.  Meas- 
urements are  made  from  a  boat  held  in  place  by  the  ferry  rope  stretched 
across  the  river.  The  bench  marks  are  on  the  left  bank  of  river,  th€ 
first  being  on  a  willow  tree  at  the  bateau  landing,  and  consisting  oi 
three  large  nails  3  feet  above  zero  of  gage;  the  second  is  on  the  same 
tree,  being  one  nail  6  feet  above  zero  of  gage;  and  the  third  is  a  large 
nail  in  a  sycamore  at  the  ferry  landing  12  feet  above  the  zero  of  gage. 

Calhoun  Falls  station  on  Savannah  River, — Described  on  page  3C 
of  Paper  No.  15;  results  for  1897  are  shown  on  page  223  of  the  Nine 
teenth  Annual  Report,  Part  IV.  The  station  was  discontinued  oi 
August  9,  1898. 

AiKjustii  station  on  Savannah  River. — Observations  of  river  height 
have  been  maintained  since  1875  by  the  city  of  Augusta  at  the  city 
highway  bridge.  The  resultshave  been  printed  in  the  volumes  entitled 
Stages  of  Water  at  River  Stations,  prepared  by  the  United  State? 
Weather  Bureau.  Those  for  1875  to  1889  are  given  in  Part  III,  thos^: 
for  1890  to  1892  in  Part  IV,  and  for  1893  to  1895  in  Part  V.  The  gage 
consists  of  a  vertical  timber  fastened  to  the  pier  and  graduated  to  f eei 
and  inches.  Readings  are  made  four  times  a  day,  usually  at  6  a.  m. 
12  m.,  6  p.  m.,  and  9  p.  m.  The  6  a.  m.  readings  are  those  used  b^ 
the  Weather  Bureau.  The  observer  is  J.  M.  Youngblood,  keeper  o 
the  city  bridge.  The  gage  heights  as  given  in  the  following  pages  hav< 
been  changed  from  feet  and  inches  to  feet  and  tenths,  and  have  beei 
averaged  for  the  day.  The  zero  of  this  gage  is  the  low  water  of  1835 
TAe  highest  water  recordQ^  was  on  September  11, 1^^^,  «L\i  SB. 7  feet 
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lAt  time  the  entire  city  was  submerged,  ten  persons  were  drowned, 
)ropeTty  was  damaged  to  the  amount  of  (3,000,000.^ 
B  floods  of  this  river  have  been  investigated  under  the  direction 
)  Corps  of  Engineers,  United  States  Army,  and  reports  prepared 
Kirge  W.  Brown,  assistant  engineer.  The  first  of  these,  dated 
lary  11, 1889,  was  printed,  with  maps,  as  House  Ex.  Doe.  No.  213, 
'first  Congress,  first  session;  also  given,  with  few  maps,  iu  the 
rt  of  the  Chief  of  Engineers,  United  States  Army,  1890,  page  1340. 
sr  report,  dated  June  10,  1890,  also  prepared  by  Mr.  6eorge  W. 
Q,  was  printed  as  Ex.  Doc.  No.  255,  Fifty-first  Congress,  second 
<n.  In  this  report  is  given  a  rating  table,  showing  the  probable 
urge  of  the  river  at  heights  on  the  gage  of  from  5  to  40  feet.  On 
17  of  this  latter  document  is  shown  the  run-off  in  cubic  feet  per 
d  per  square  mile  for  various  portions  of  the  drainage  basin. 
i  is  also  given  a  table  of  distances  and  elevations  and  the  slope  of 
ver,  as  well  as  a  description  of  the  character  of  the  drainage  basin, 
tin  the  figures  in  the  above-named  reports  a  computation  was 
by  Cyrus  C.  Babb  of  the  fiuctuations  of  flow  of  Savannah  River, 
»nlt8  being  published  in  the  Fourteenth  Annual  Report,  Part  II, 
s  United  States  Geological  Survey,  page  147,  and  relating  to  the 
1 1884  to  1891,  inclusive.  A  discussion  of  the  results  is  also  given 
ansactions  American  Society  of  Civil  Engineers,  Volume  XXIII, 
333.  The  later  discbarge  measurements,  made  during  1897  and 
by  Prof,  B.  M,  Hall  and  others,  have  furnished  material  for  the 
ruction  of  a  new  rating  table.  A  comparison  of  this  with  earlier, 
tccurate  tables  may  be  of  interest  in  this  connection. 
Rating  tables  of  Savanrtah  River  at  Augusta,  Georgia. 
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Much  of  the  differ«ace  between  the  results  given  In  the  above  tables 
is  due  to  deepening  of  the  channel  at  the  Angiuta  vhorf,  Immediatel)' 
below  the  city  bridge,  to  s  pier  of  which  the  gage  ia  attached. 

By  the  use  of  the  values  of  diachatge  oorrespondiug  to  various  gage 
heights  Professor  Hall  has  computed  the  minimum  flow,  by  months, 
from  1892  to  1898,  inclusive.  In  each  case  he  has  taken  the  average 
of  all  the  readings  for  the  day  of  lowest  water  in  the  given  month,  and 
not  the  lowest  single  reading.  The  lowest  average  daily  reading  for 
the  seven  years  is  that  on  July  3,  1898,  of  3.68.  The  rating  table, 
therefore,  begins  at  about  this  point,  the  value  for  a  height  of  3.9  feet 
being  2,306  second-feet. 

Minimum  monthlg  gaffe  height  and  ditdtarge  of  the  Savamnah  Riser  at  Aufpultt, 
Georgia,  for  1S9S  to  1898,  in^uaivt. 
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Water  is  diverted  from  Savannah  River  above  the  city  of  Augusta 
by  a  canal  following  along  the  right  bank,  described  in  Volume  XYl  of 
the  Tenth  Census,  1880,  on  page  789.  A  conception  of  the  .size  of  this 
canal  is  given  by  a  measurement  made  by  Prof.  B.  M.  Hall  on  Sep- 
tember 29, 1897,  above  all  the  water  wheels.  At  that  time  he  found  a 
flow  of  2,640  second-feet.  Presumably  all  of  this  was  passing  through 
the  water  wheels  under  varying  heads.  The  full  head  is  50  feet,  but 
the  canal  has  three  levels.  Some  of  the  wheels  discharge  from  the 
upper  level  or  main  canal  directly  into  the  river,  while  others  dis- 
charge from  one  level  to  another. 

The  measurements  noted  on  page  44  were  made  at  North  Augusta 
highway  bridge,  which  is  a  through  iron  bridge  in  three  spans,  206^ 
feet,  209  feet,  and  206^^  feet  in  length,  respectively,  not  including 
approaches  from  street  to  each  end.  There  are  two  piers  in  the  water 
and  one  in  each  bank.  The  stream  at  gage  height,  G.G7,  is  572  feet 
wide,  including  the  two  piers,  has  a  maximum  depth  of  10  feet  and 
an  average  depth  of  6.5  feet,  the  mean  velocity  being  1.24  feet  per 
second.  The  initial  point  is  center  of  first  sidewalk  floor  beam,  right 
bank,  downstream  side  of  bridge. 

Carlton  station  on  Broad  River  {tributary  to  Savannah  River). — 
Described  on  page  40  of  Paper  No.  15;  results  for  1897  shown  on  page 
225  of  the  Nineteenth  Annual  Report,  Part  IV. 

Cary  station  on  Oconee  River. — Described  on  page  41  of  Paper  No. 
15;  results  for  1897  shown  on  page  227  of  the  Nineteenth  Annual 
Report,  Part  IV.  This  station  was  discontinued  March  31,  1898,  as 
the  rating  is  evidently  affected  by  a  dam  several  miles  below. 

Dublin  station  on  Oconee  River. — Described  on  page  42  of  Paper 
No.  15;  results  for  1897  shown  on  page  227  of  the  Nineteenth  Annual 
Report,  Part  IV.  Observations  were  taken  under  the  direction  of 
the  United  States  Geological  Survey  from  February  11  to  October  15, 
inclusive,  with  Jasper  Young  as  observer.  Since  that  time  the  United 
States  Weather  Bureau  has  taken  the  observations,  the  observer 
being  Mathew  R.  Scarborough.  The  measurements  are  taken  on  the 
upstream  side  of  the  iron  highway  bridge,  which  is  about  100  yards 
above  the  railroad  bridge  at  which  the  gage  is  located. 

Almon  station  on  YeUoiv  River. — Described  on  page  43  of  Paper 
No.  15;  result  for  1897  shown  on  page  229  of  the  Nineteeth  Annual 
Report,  Part  IV.  No  current  meter  measurements  have  been  made 
during  1898,  nor  have  gage  heights  been  recorded.  An  attempt,  how- 
ever, has  been  made  to  ascertain  the  fluctuations  of  discharge  by 
comparison  with  the  observations  made  at  Macon.  A  rating  table 
published  on  page  229  of  the  Nineteenth  Annual  Report,  Part  IV, 
was  constructed  from  discharge  measurements  made  during  the 
autumn  of  1897.  This  has  been  used  to  obtain  the  quantity  of  flow  at 
fifteen  times  on  days  when  the  elevation  was  not  fluctuating  notably. 
The  gage  height  at  Macon,  Georgia,  was  ascertained  ow  eaQ^TSiQ>\\i- 
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ing  following  these  dates.  In  this  way  the  estimated  discharge  sl' 
Almon  was  referred  to  the  readings  on  the  gage  at  Macon  and  a  ne^ 
discharge  tftble  computed  in  which  the  heights  at  Macon  are  given 
and  assume  discharges  at  Almon  are  set  opposite.  The  appHcatiox 
of  such  a  table  involves  the  assumption  that  the  fluctuations  at 
Almon  are  coincident  with  those  at  Macon.  The  following  values 
have  been  obtained : 
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Macon  statioii  on  Ocmvlgee  River. — Described  on  page  44  of  Paper 
No.  15;  result  for  1897  shown  on  page  230  of  the  Nineteenth  Annual 
Report,  Part  IV. 

TABLES  OF  DAILY  GAGE   HEIGHT. 
Ddily  gage  height,  in  feet,  of  Roanoke  River  at  Roanoke,  Virginia,  for  1898, 
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Daap  gage  height,  in  feel,  i>f  Dan  River  at  Clarkaville,  Virginia,  for  1898.  ia) 
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Daily  gage  height y  in  feet ,  of  Tar  River  at  Tarboro,  North  Carolina  y  for  1 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 
1.70 

I 

1..../ 

8.40 

8.30 

1.80 

7.80 

4.50 

6.70 

1.80 

1.20 

8.30 

1.60 

i 

2 

3.00 

3.25 

1.66 

9.20 

8.70 

6.10 

1.10 

2.15 

6.30 

1.20 

2.20  '    I 

3 

2.90 

3.10 

1.56 

8.90 

3.40 

6.00 

.90 

2.80 

4.10 

.80 

2.30  1    I 

4 

2.70 

2.80 

1.70 

7.00 

2.85 

4.10 

.60 

4.00 

3.20 

1.20 

1.80  1    1 

6 

2.40 

2.60 

3.20 

5.90 

2.50 

8.00 

.50 

3.20 

3.10 

1.81) 

l.Ti)  :    } 

6 

2.20 

2.40 

5.00 

6.20 

2.30 

2.40 

1.90 

2.30 

2.80 

1.40 

2.90    i: 

7 

2.26 

2.80 

7.80 

8.00 

8.00 

2.00 

7.50 

1.80 

2.60 

1.30 

2.50     L 

8 

2.12 

2.30 

7.00 

9.80 

4.60 

1.70 

9.90 

1.60 

2.10 

1.20 

2.60     i; 

9 

2.00 

2.40 

4.90 

9.10 

7.10 

1.50 

9.60 

1.30 

2.60 

1.60 

2.7t}  :  L 

10 

1.90 

2.20 

4.00 

6.40 

7.80 

1.80 

8.50 

1.00 

8.20 

1.50 

2.90  ;    i 

11 

2.00 

2.10 

8.70 

6.50 

6.50 

1.10 

11.20 

.90 

2.60 

1.60 

2.30  1    : 

12 

2.06 

2.00 

3.50 

6.10 

4.90 

1.00 

11.70 

1.50 

i.ro 

1.50 

2.80      I 

13 

2.30 

1.90 

3.20 

4.50 

4.10 

.80 

10.70 

2.10 

1.50 

1.40 

1.50       ; 

14 

2.75 

1.90 

2.90 

4.10 

4.00 

1.50 

8.80 

4.10 

1.30 

1.10 

1.40  1    ^ 

16 

2.70 

2.00 

3.60 

4.00 

3.60 

1.00 

7.90 

4.20 

1.00 

1.00 

1.60      ^ 

16 

2.80 

1.70 

5.00 

8.80 

8.30 

1.90 

6.30 

3.40 

.80 

.80 

1.70      ; 

17 

2.40 

1.70 

5.80 

8.50 

5.95 

3.30 

5.20 

2.40 

.70 

.50 

2.10      J 

18 

2.90 

1.60 

4.70 

8.30 

8.40 

5.60 

4.30 

3.30 

.60 

.70 

2.80      .' 

19 

8.00 

1.55 

4.20 

3.10 

9.80 

5.40 

4,20 

2.10 

.5C» 

.60 

2.50      : 

20 

2.73 

1.50 

4.00 

2.80 

9.00 

5.50 

3.70 

2.50 

.50 

2.60 

4.30  •    ! 

21 

2.80 

1.60 

8.60 

2.60 

7.20 

6.70 

4.20 

5.30 

.50 

3.00 

4.90 

J 

28 

2.00 

2.80 

3.40 

2.40 

6.70 

6.30 

3.15 

0.50 

.40 

2.80 

5.50 

( 

23 

2.70 

2.40 

8.00 

2.20 

4.60 

5.30 

2.80 

6.00 

.60 

2.30 

4.30 

t 

f 

24 

2.66 

2.50 

2.70 

2.00 

5.10 

4.10 

2.40 

5.30 

4.70 

1.00 

3.70 

« 

26 

2.70 

2.46 

2.40 

1.90 

8.90 

3.10 

2.20 

5.60 

7.30 

2.30 

3.40 

( 

28 

8.00 

2.30 

2.50 

2.30 

11.00 

2.50 

1.90 

4.60 

6.20 

2.orj 

3.20 

1 
< 

27 

8.95 

2.00 

2.40 

2.90 

12.80 

2.00 

2.00 

2.80 

4.00 

2.70 

3.20 

I 

28 

5.90 

1.70 

2.30 

4.20 

13.70 

2.30 

1.50 

8.20 

2.80 

2.50 

2.90 

i 

29 

6.40 

2.30 

5.80 

12.40 

2.50 

1.40 

4.50 

2.20 

2.80 

3.00 

i 

30 

4.20 

2.20 

5.20 

9.10 

2.70 

1.30 

8.80 

2.10 

2.70 

3.70 

31 

1 

3.50 

2.50 

6.50 



1.30 

8.90 

1.30 

1 

Daily  gage  height,  in  feet,  of  Neuse  River  at  Selma,  North  Carolina^  for 


Day. 


1 

M»  •   -  *  «  » 

3 

4 

5 

« 


Jan. 


< 

8 

9 

10 

11 i 

12 i 

13 

14 ' 

16 

16 

■  17 

18 

'     19 

■  20...- 
21 

'    22 

'    33 

.    24 

25 

20 

(     ^* 

■  28 

,    J» 

30 

\    31 

i       


1.70 
1.70 
1.50 
1.30 
1.20 
1.10 
1.00 
.90 
1.20 
1.30 
1.00 
,00 
20 


Feb. 


1. 
1. 


1.50 
1.50 
1.20 
1.80 
1.60 
1.30 
1.30 
1.20 
l.«0 
1.40 
1.30 
1.40 
3.50 
7.00 
5.80 
3.4(J 
2. 30 
1.90 


1.30 
1.30 
1.30 
l.a) 
1.30 
1.20 
1. 10 
1.10 
1.10 
l.m 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.80 
1.00 
1.00 
1.80 
3.60 
1.80 
1.40 
1.30 
1.20 
1.00 


Mar.    Apr. 


i.no 

1.00 

1.00 

1.40 

1.50 

1.80 

8.30  I 

3.70 

3.20 

2.  (JO 

2.50 

1.70 

l.CO 

1.80 

2.80 

5.10 

6.00 

5.00 

4.30 

3.70 

3.00 

1.70 

1.40 

1.20 

2.00 

2.50 

1.80 

2.(X) 

3.00 

7.(K) 

9.00 


11.40 

10.20 
6.70 
6.00 
7.20 

10. 70 
8.00 
7.(X) 
6.00 
2.90 
2.80 
2.70 
3.(X) 
2.00 
1.80 
1.80 
1.70 
1.50 
1.40 
1.30 
1.3») 
1.10 
1.30 
!.:«) 
1.  M 
l.TiJ 
3. 00 
3.70 
5.00 
4. 20 


May. 


1.50 
1.20 
1.00 
.80 
.60 
.80 
4.00 
6.90 
5.40 
4.10 
3.a) 
3.60 
3.80 
3.00 
8.90 
8.00 
7.00 
5.40 
3.60 
3.70 
3.»» 
3.00 
5.  rt) 
9.00 
10.00 
11.00 
7.00 
5.  .50 
4.00 
3.  .50 
3.00 


June. 


July.    Aug 


2.70 
2.orj 


1.40 

1.00 

.90 

.80 

.70 

.60 

.50 

..50 

.50 

5.00 

4.00 

3.40 

3. 00 

2.0(J 

1.40 

1.50 

1.80 

3.00 

3.20 

2.00 

l.m 

1.00 
.90 
..50 
.50 
..50 
.50 
.40 


5. 
5. 
5. 


0..50 

.50 

.60 

.70 

.70 

3.00 

5.90 

6.00 

30 
00 
3.50 
•ZAK) 
3.00 
1.90 
1.80 
1.50 
3.0<) 
4.00 
7.00 
.5.01) 
3.70 
3.fM) 
()(» 
90 
80 
HO 

70 

7(1 
70 
70 


1 


0.70 


8ept. 


Oct. 


1.10 

1.00 

,60 

.50 

.50 

..5(J 

.50 

.60 

..50 

l.W> 

3.30 

:j.  :30 

3.44) 
3.00 
3.80 
3.  SO 

l.:«) 

0.60 
10.  44» 

«.:v) 

3.«5«l 
3.50 

1.60 
1.8() 

8.y<) 

5.-K) 
9.10 
9.(X) 


6.00 

5.80  ' 

i.m  j 

1.(10  I 
4.  .50 
3.20 
4. 10 
3.40 
3. 10 
3.44) 
3.0() 
3.  80 
3.40 
3.00 
1.80 
1.00 
l.(K) 
1.00 
l.OO 
1.10 
1.30 
1.30 
4.00 
13.  (X) 
l.S.OO 
9.40 
♦v  10 
1.00 
1.00 
.80 


0.30 

.30 

.30 

.:» 

.50 

.♦50 

.70 

3.00 

l.OO 

1.10 

1.10 

1.3U 

i.:io 

1.00 

.80 

.(iO 

.40 

.90 

1.40 

1.80 

l.W) 

3.  :)o 
1.9(J 
1.50 

l.r.0 

1  80 
l.«;o 
1.30 
1.00 
1.40 
i.  (30 


Nov. 


3.00 
3.60 
3.00 
1.00 
1.31) 
1.30 
1.30 
l.:») 
1.40 


1 

1. 
1. 
1. 


40 
50 
HO 
TO 
1.90 
3.00 
3.00 
3.60 
3.0O 
5.40 
5.80 
5.0O 
4.5t) 
3.0(» 
3.80 
3.20 
3.00 
1.1»0 
1.80 
3. 00 
3.50 
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OaUy  gage  height,  in  feet,  of  Haw  River  at  Moncure,  North  Carolina,  for  1898, 


Day.          i 

May. 

Jnue. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

1 

« 

2.16 
2.10 
1.92 
1.85 
1.60 
1.60 
1.60 
1.52 
1.60 
1.50 
1.44 
1.40 
1.40 
1.80 
2.10 
3.10 
1.70 
1.70 
2.30 
2.96 
3.34 
2.60 
2.10 
1.22 
1.30 
1.64 
1.52 
1.58 
1.85 
1.90 

1.88 
1.65 
1.60 
1.40 
1.20 
1.80 
7.88 
3.12 
2.30 
1.90 
2.00 
1.38 
1.40 
1.70 
1.85 
1.60 
1.60 
5.60 
3.40 
4.10 
2.44 
1.92 
4.98 
2.80 
2.84 
3.12 
1.90 
2.38 
2.10 
2.16 
1.98 

• 

1.88 
1.96 
1.86 
1.80 
1.60 
1.60 
1.62 
1.60 
1.22 
1.20 
1.30 
1.76 
2.70 
5.96 
5.80 
3.00 
2.94 
8.86 
10.30 
15.85 
14.92 
10.64 
7.25 
5.18 
3.8B 
2.14 
2.18 
2.25 
2.88 
7.14 
4.97 

4.12 
3.18 
2.38 
7.40 

11.88 
7.78 
5.22 
5.46 
4.45 
3.74 
2.82 
2.10 
2.04 
1.64 
1.65 
1.60 
1.62 
1.65 
1.62 
1.64 
1.46 
1.44 

11.85 
9.14 
5.28 
4.00 
2.64 
2.82 
1.88 
1.52 

1.60 
1.48 
1.66 
1.38 
2.00 
2.86 
2.94 
2.86 
1.72 
1.48 
1.54 
1.60 
1.62 
1.50 
1.51 
1.84 
1.23 
1.66 
2.65 
1.27 
1.94 
7.64 
5.66 
3.28 
2.42 
2.60 
2.14 
2.22 
1.88 
7.16 
9.98 

5.84 
4.28 
8.44 
2.62 
2.55 
2.12 
2.10 
3.00 
2.76 
2.25 
2.42 
2.12 
2.88 
2.67 
8.24 
8.00 
5.28 
6.44 
6.08 
5.62 
4.28 
8.84 
3.02 
2.84 
2.06 
2.00 
2.48 
2.92 
2.58 
2.92 

a24 
2.88 
2.62 
6.62 
7.44 
6.48 
5.20 
4.26 
3.28 
3.16 
2.94 
2.26 
2.54 
2.40 
2.36 
2.22 
2.20 
2.34 
2.12 
2.78 
2.41 
2.22 
3.46 
3.21 
3.34 
2. 78 
2.37 
2.80 
2.48 
2.36 
2.34 

8....: 

4 

5 

6 

1.30 
5.00 
4.60 
8.65 
3.00 
2.60 
2.23 
1.87 
3.10 
2.60 
2.00 
2.30 
2.20 
2.22 
2.00 
1.8U 
1.74 
1.60 
H.20 
6.14 
4.46 
4.00 
3.10 
2.42 
2.00 
2.00 

7 

8 

9 

10 

11 

12 

13 

14 

16 

M 

17 

18 

» 

a 

B 

88 

84 

S 

n 

» 

28 

9 

» 

Jl 

^ilygage  height,  in  feet,  of  Deep  River  at  Moncure,  North  Carolina,  for  1898, 


D»y. 

May. 

June. 

July. 

Aug. 

Bept. 

Oct. 

Nov. 

Dec. 

2.95 
3.27 
3.20 
7.90 
9.49 
6.34 
5.42 
4.60 
3.14 
3.00 
2.34 
2.32 
2.30 
2.28 
2.25 
2.26 
2.12 
3.25 

1 

1.75 
1.50 
1.62 
1.50 
1.42 
1.20 
1.^ 
1.21) 
1.24 
1.20 
1.14 
1.54 
1.20 
1.22 
1.30 
1.35 
2.10 
1.94 
1.82 
3.24 
3.65 
2.98 
2.38 
1.94 
1.72 
La5 
1.36 
1.33 
1.34 
1.78 

1.76 
1.53 
1.34 
1.20 
1.14 
2.80 
7.80 
4.52 
2.90 
3.16 
3.60 
3.40 
1.72 
1.84 
1.73 
1.78 
1.75 
4.00 
3.74 
3.86 
3.13 
1.16 
4.22 
3.14 
2.33 
1.94 
1.98 
1.90 
1.82 
1.88 
1.82 

1.12 
2.00 
1.80 
2.00 
1.98 
1.52 
1.50 
1.24 
1.22 
1.20 
1.46 
1.60 
2.66 
8.12 
12.10 
3.82 
2.68 
4.88 
9.00 
19.10 
18.84 
14.13 
9.62 
5.37 
3.13 
3.00 
3.57 
3.30 
3.52 
6.r3 
5.58 

3.82 
3.50 
2.64 
4.84 

12.62 
8.67 
7.14 
5.72 
5.88 
4.22 
3.40 
2.48 
2.06 
1.85 
1.08 
1.98 
1.67 
1.52 
1.50 
1.56 
1.48 
1.19 
2.23 

10.44 
4.56 
3.65 
3.68 
3.14 
1.96 
1.80 

1.52 
1.92 
1.88 
1.54 
2.92 
2.84 
2.74 
2.22 
1.68 
1.56 
1.54 
1.51 
1.60 
1.54 
1.52 
1.36 
1.32 
1.93 
3.66 
3.22 
2.42 
8.98 
6.00 
3.56 
3.44 
2.98 
2.21 
2.01 
1.99 
6.70 
8.76 

5.?2 
4.89 
3.22 
2.78 
2.44 
2.14 
3.93 
3.64 
2.98 
2.76 
2.51 
2.16 
3.28 
2.76 
2.53 
3.51 
2.13 
5.54 
6.28 
4.94 
4.08 
3.76 
2.96 
3.48 
3.31 
3.05 
2.34 
2.24 
2.31 
3.10 

2 

3 

4 

6 

6 

1.96 
1.90 
2.30 
3.50 
3.70 
2.74 
2.40 
2.00 
1.74 
2.65 
2.20 
2.10 
1.94 
2.00 
3.10 
1.98 
1.76 
1.64 
1.60 
G.20 
6.54 
4.96 
3.48 
2.38 
2.30 
l.iW 
1.70 

7 

8 

9 

10 

11 

12 

13 

14..., 

16...! 

M 

17.::::...:... 

18 

19 

0 

2.30 
2.10 

n 

B 

3.54 
2.32 

B 

4.18 

N 

3.70 

S 

3.28    i 

S 

3.22 

2.48 
2.76 

U 

8 

9 

D 

1 

2.72    1 
3.40 
2.26    1 

.......... 

.-_.  .       J 

OPERATIONB   AT   RIVES   STATIONS,    1898. PART    I. 


tar- 

Jm. 

Feb. 

Uu. 

Apr. 

»^- 

Jh»- 

Jnlr. 

Ads. 

Sepl. 

Oct. 

Not. 

t 

m 

» 

1 

si 

Daily  gage  height,  in  feet,  of  Yadkin  Sitvr  at  Salisburg,  Xorth  Carolina,  foi 


Day.      Jul     Feb.  I  Mv.    Apr.    Xttj.   Ji 


.HI 





: 

'.    JdIj.  ;  Aug.  :  Sept.     Oct.     Nc 


SO ,  i-so ;  1. 


W      £.00      S.TO  ■ 


SOUTHERN   ATLANTIC   COAST  DSAINAOE. 
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^iiy  g<me  height ^  in  feet,  of  Yadkin  {Pedee)  River  at  Noncood,  North  Carolina, 

for  1898. 


I>ay.    I  Jan. 


Feb. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

U 

15 

i?:;;:: 

18 

19 

» 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 


1.80 
1.80 
1.80 
1.70 
1.90 
1.00 
1.70 
1.70 

i.eo 

1.50 
1.70 
1.70 
1.00 
1.70 
1.70 
1.60 
1.60 
1.60 
1.50 
1.50 
1.70 
2.60 
2.20 
2.00 
2.30 
8.60 
3.70 
3.00 
2.40 
2.10 
2.00 


Mar. 


1.80 
1.90 
1.70 
1.50 
1.80 
1.70 
1.60 
1.60 
1.50 
1.50 
1.60 
1.60 
1.60 
1.70 
1.90 
1.70 
1.70 
1.60 
1.70 
1.80 
1.90 
1.90 
1.80 
1.70 
1.60 
1.60 
1.60 
1.50 


1.50 
1.00 
1.70 
2.30 
2.50 
2.40 
2.10 
1.90 
1.80 
1.80 
1.60 
1.60 
1.50 
1.70 
2.50 
2.60 
2.70 
2.00 
1.90 
2.30 
2.20 
1.90 
1.70 
1.80 
1.90 
2.10 
2.00 
1.70 
1.80 
5.70 
6.10 


Apr. 

May. 

4.20 

1.80 

3.40 

1.70 

2.50 

1.60 

2.40 

1.60 

3.00 

1.50 

4.50 

1.50 

3.40 

1.60 

2.60 

2.30 

2.30 

2.00 

2.20 

1.80 

2.10 

1.60 

2.00 

1.60 

1.80 

1.70 

1.90 

1.80 

2.00 

1.70 

2.20 

1.60 

2.00 

1.50 

1.90 

1.40 

1.80 

1.40 

1.80 

1.50 

1.70 

1.40 

1.70 

1.40 

1.80 

2.80 

1.90 

4.80 

2.30 

3.80 

3.40 

2.60 

2.30 

2.30 

2.10 

2.00 

1.80 

1.80 

1.80 

1.60 

1.80 

Juna  I  Jnly. 


1.70 
1.60 
1.60 
1.80 
l.dO 
1.30 
1.20 
1.20 
1.30 
1.20 
1.30 
1.30 
1.60 
1.30 
1.40 
1.30 
1.40 
2.30 
1.80 
2.20 
2.10 
1.80 
1.60 
1.50 
1.40 
1.20 
1.10 
1.40 
1.40 
l.dO 


1.20 
1.20 
1.00 
1.00 
.90 
1.30 
2.00 
1.70 
1.40 
1.40 
1.50 
2.10 
1.70 
1.80 
2.10 
1.10 
2.10 
1.90 
1.30 
1.40 
1.30 
1  20 
1.70 
2.20 
2.90 
2.20 
2.90 
2.00 
2.30 
3.00 
2.30 


Aug. 


1.90 
1.70 
1.80 
1.70 
1.60 
1.50 
2.00 
1.70 
1.60 
1.50 
1.60 
1.90 
3.00 
1.50 
3.60 
2.50 
2.00 
2.60 
1.90 
1.70 
4.00 
8.20 
2.20 
2.10 
1.90 
1.30 
1.70 
2.50 
8.00 
3.40 
2.70 


Sept. 


2.40 
2.60 
2.50 
1.90 
2.20 
4.10 
8.60 
2.70 
2.60 
2.40 
1.90 
1.70 
1.20 
1.50 
1.50 
1.40 
1.20 
1.50 
1.40 
1.30 
1.80 
1.20 
1.50 
7.00 
11.00 
7.00 
3.70 
2.40 
2.20 
2.00 


Oct. 


1.90 
1.70 
1.60 
1.80 
1.90 
5.60 
4.60 
2.90 
2.40 
2.80 
2.10 
1.90 
1.80 
l.TO 
1.80 
1.90 
1.70 
1.80 
1.90 
2.70 
2.60 
2.90 
5.40 
8.80 
2.70 
2.50 
2.40 
2.80 
2.20 
2.70 
2.50 


Nov. 


1.90 
1.70 
2.10 
2.20 
2.80 
2.90 
2.70 
2.50 
2.10 
1.90 
1.80 
1.70 
1.80 
2.10 
2.30 
3.20 
2.70 
2.90 
3.10 
3.20 
2.90 
2.40 
2.80 
2.40 
2.20 
2.80 
2.10 
1.90 
1.80 
1.90 


Dec. 


2.10 
2.20 
2.20 
3.10 
4.70 
4.50 
8.00 
8.40 
8.90 
2.90 
2.20 
2.10 
1.90 
1.90 
1.80 
1.70 
1.80 
1.90 
2.10 
2.20 
2.80 
2.50 
2.90 
3.90 
3.70 
8.90 
a70 
2.80 
2.10 
1.90 
1.80 


^^^^^ygcige  height ,  in  feet,  of  Catawba  River  at  Catavcba,  North  Carolina^  for  1808, 


1  "'• 

Jan. 

Feb. 

Mar. 
1.95 

Apr. 

May. 

June. 

Jnly. 
1.80 

Ang. 

Sept. 

Oct. 
3.70 

Nov. 

X^OC* 

\   1 

2.00 

2.20 

3.30 

2.10 

1.90 

3.46 

2.90 

8.10 

2.60 

2 

2.00 

2.10 

1.96 

3.00 

2.10 

1.90 

1.80 

3.40 

2.60 

3.00 

2.96 

2.60 

3 

2.or> 

2.05 

1.90 

2.60 

2.10 

1.80 

1.80 

aoo 

8.30 

8.60 

2.80 

•2.60 

4 

1.95 

2.00 

1.90 

2.40 

2.05 

1.80 

1.80 

2.76 

6.60 

9.70 

2.80 

4.60 

\     5 

6 

I 

1.90 

2.00 

1.90 

3.00 

2.25 

1.80 

2.00 

9.66 

5.66 

11.60 

2.28 

6.60 

1.90 

2.00 

1.90 

2.90 

2.60 

1.80 

2.60 

4.30 

4.36 

7.20 

2.75 

8.90 

2.01' 

3.00 

1.90 

2.60 

2.50 

1.80 

2.35 

4.00 

4.90 

6.10 

2.70 

8.40 

8 

2.05 

3.00 

1.90 

2.30 

2.35 

1.80 

2.50 

8.50 

3.90 

5.00 

2.66 

8.00 

9 

2.00 

2.00 

1.90 

2.20 

2.26 

1.75 

2.80 

8.66 

8.60 

4.10 

2.60 

2.90 

10 

1.96 

2.00 

1.90 

2.15 

2.15 

1.76 

2.35 

3.70 

3.16 

3.80 

2.60 

2.86 

U 

1.95 

2.00 

1.90 

2.15 

2.05 

1.75 

2.00 

4.60 

2.60 

3.60 

2.60 

2.80 

12 

2.00 

3.00 

1.90 

2.10 

2.00 

1.75 

2.00 

6.50 

2.40 

3.40 

2.60 

2.70 

13 

2.00 

2.00 

1.90 

2.10 

2.00 

1.70 

1.86 

4.80 

2.35 

8.20 

2.60 

2.70 

14 

2.0i> 

2.00 

1.90 

2.10 

1.95 

1.70 

4.20 

3.60 

2.30 

3.10 

2.70 

2.65 

15 

2.00 

3.00 

1.90 

2.10 

1.90 

1.90 

7.00 

3.20 

2.30 

2.96 

2.76 

2.60 

18 

1.95 

l.«5 

1.90 

2.40 

1.90 

2.00 

4.10 

3.10 

2.20 

2.80 

2.76 

2.60 

17 

1.95 

1.95 

2.00 

2.30 

1.90 

3.50 

4.00 

2.90 

2.10 

2.80 

2.80 

2.60 

18 

l.i» 

l.»5 

2.10 

2.25 

1.90 

2.80 

3.70 

2.90 

2.10 

8.40 

3.00 

2.60 

19 

1.95 

1.95 

2.05 

2.20 

1.85 

2.00 

3.10 

4.30 

2.10 

3.20 

3.80 

2.60 

20 

2.25 

1.95 

2.05 

2.20 

1.85 

1.95 

2.50 

4.30 

2.10 

3.60 

3.20 

2.60 

21 

3.00 

3.00 

2.  a) 

2.20 

1.85 

1.96 

2.40 

4.00 

2.06 

8.30 

3.00 

3.90 

22 

3.00 

3.00 

2.00 

3.2f) 

l.»> 

1.80 

2.40 

3.20 

2.40 

7.45 

2.80 

8.00 

28 

2.75 

3.00 

3.00 

3.a> 

1.85 

1.8i» 

3.00 

3.00 

19.96 

6.60 

2.95 

8.16 

J    24 

2.50 

l.»5 

3.00 

2.25 

3.60 

1.80 

4.50 

2.60 

11.60 

6.00 

3.10 

3.25 

25 

3.00 

1.95 

1.95 

2.20 

3.50 

1.80 

3.90 

2.50 

6.70 

4.10 

3.00 

3.10 

28 

5.50 

l.ft5 

i.a5 

2.16 

3.20  1 

1.80 

3.30 

3.60 

5.40 

3.80 

2.85 

3.00 

27 

3.40 

1.95 

3.90 

3.10 

2.00 

1.80 

2.80 

2.55 

4.90 

3.60 

2.70 

3.  GO 

28 

3.00 

1.95 

3.00 

3.10 

1.90 

1.85 

3.40 

3.45 

4.10 

3.30 

2.70 

2.90 

29 

2.75 

3.50  ■ 

2.10 

1.95 

1.80 

3.50 

5.60 

3.40 

3.30 

2.70 

2.85 

.     30 

2.41) 

7.50 

2.10 

1.95 

1.80 

3. 10 

3.30 

3.30 

3.30 

2.65 

3.85    1 

31 

3.30 

5.50 



1.95 

3.  T*) 

3.10 

3.20 

3.90 

4U  OPERATIONS  AT   EH-EB  STATIONS,   1896. — PAET   L 

Daily  gage  hei^f,  infeti,  of  ntgato  Ritxrat  Madiaon,  South  Carolina,  fc 


DiT'    Jiilr.  Aqk-    9apt.|  Oct.  JNoT.[   Dbc  |    D»y.  iJulr.|AiiB.  Sept.'  Oct.  ,Ni>T. 
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'm 
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8.40 

Feb.  Xar.  Apr.     '     Msr.    I    Jane.        JdIt. 


SOUTHERN   ATLANTIC   COAST  DRAIHAOK. 
IW^0a0»  height,  inftet,  of  Savannah  River  at  Angiubi,  a«orgia,/i 
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Oailji  gage  height,  ta  feet,  of  Savannah  Siverat  Augtuta,  Georgia,  for 
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Apr. 
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OPERATIONS   AT   RIVER   STATIONS,    18W. PART   I.        [«).» 


DaUy  gage  height^  in  feet  ^  for  Savannah  River  at  Augusta^  Qeorgia^  far  2398, 


i>ay. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

6.5 

7.8 

6.0 

15.9 

8.3 

4.5 

4.0 

8.0 

16.8 

7.2 

8.4 

10.0  ' 

2 

6.3 

7.5 

5.9 

12.5 

7.6 

4.7 

8.8 

7.8 

28.4 

7.1 

8.0 

9.S 

3 

6.2 

7.1 

6.9 

9.7 

7.8 

4.7 

4.0 

6.0 

28.4 

7.2 

7.9 

9.6 

4 

6.0 

6.8 

6.2 

8.5 

7.0 

4.5 

4.2 

6.6 

27.8 

17.9 

7.8 

12.7 

6 

6.9 

6.7 

10  0 

9.0 

6.8 

4.4 

8.7 

8.4 

27.0 

17.8 

7.6 

16.2 

6 

6.0 

6.5 

9.1 

17.7 

6.5 

4.2 

8.8 

15.6 

22.6 

24.0 

7.6 

14.8 

1 

6.2 

6.4 

7.6 

18.0 

6.5 

4.6 

8.4 

12.4 

18.2 

23.4 

8.8 

12.4 

8 

6.8 

6.5 

6.8 

14.0 

6.8 

4.5 

10.6 

10.7 

16.9 

16.7 

8.7 

10.5 

9 

6.9 

6.8 

6.5 

10.9 

6.0 

4.4 

12.4 

10.4 

17.9 

18.5 

7.8 

9.6 

10 

6.1 

6.8 

6.0 

9.0 

6.1 

4.4 

9.9 

9.2 

13.7 

11.4 

7.6 

9.0 

11 

6.0 

6.1 

6.0 

8.5 

5.9 

4.0 

12.8 

8.3 

11.5 

10.7 

7.4 

a.n 

12 

6.0 

6.2 

6.0 

8.9 

6.9 

4.8 

8.6 

10.0 

9.9 

9.8 

7.8 

8.8 

18 

6.2 

6.1 

6.0 

8.4 

5.9 

4.4 

9.6 

11.1 

9.0 

9.3 

8.2 

8  5 

U 

6.8 

6.0 

6.0 

8.0 

5.9 

4.2 

14.0 

14.4 

8.7 

9.0 

10.1 

8.4 

16 

6.3 

6.0 

8.7 

8.5 

6.7 

4.2 

16.4 

11.8 

8.6 

8.6 

11.0 

8.1 

16 

6.1 

5.9 

11.8 

8.2 

6.0 

4.4 

17.5 

18.6 

8.2 

8.8 

10.3 

H.O 

17 

6.1 

5.9 

9.0 

7.9 

5.6 

4.6 

18.9 

10.8 

8.0 

7.8 

17.4 

7.9 

18 

6.0 

5.9 

8.0 

7.2 

5.5 

5.3 

9.4 

9.6 

7.9 

7.6 

16.6 

8.0 

19 

6.0 

6.2 

7.6 

7.0 

5.7 

6.1 

7.8 

11.8 

7.1 

8.4 

14.3 

7.9 

20 

6.0 

6.2 

7.5 

6.9 

5.6 

8.0 

6.9 

19.9 

7.6 

13.0 

16.0 

8.0 

21 

6.0 

6.5 

6.9 

7.0 

5.8 

9.7 

6.4 

16.0 

7.4 

9.6 

13.1 

8.5 

23 

8.2 

6.5 

6.5 

7.2 

5.6 

8.4 

5.9 

11.8 

7.3 

16.5 

10.8 

10.8 

28 

8.8 

6.0 

6.5 

6.8 

5.4 

7.0 

5.7 

9.9 

7.9 

17.3 

9.6 

10.3 

34 

7.2 

5.9 

6.4 

9.2 

5.3 

5.7 

9.8 

8.7 

18.0 

18.8 

9.4 

13.5 

25 

7.5 

5.9 

6.0 

11.8 

5.3 

5.0 

17.7 

7.9 

11.8 

11.0 

10.3 

13.3 

26 

12.4 

5.9 

5.9 

11.2 

5.9 

5.3 

15.5 

8.4 

9.4 

9.6 

9.3 

11.2 

37 

16.7 

5.8 

5.9 

9.1 

5.7 

4.5 

13.3 

10.6 

8.3 

9.0 

9.0 

10.0 

28 

14.2 

5.9 

6.8 

10.9 

5.6 

4.3 

10.4 

14.8 

7.9 

8.6 

8.8 

9.3 

29 

11.0 

6.0 

11.1 

5.5 

4.2 

10.9 

12.6 

7.4 

8.6 

8.6 

9.0 

30 

9.0 

5.4 

9.8 

4.6 

4.0 

11.3 

16.9 

7.8 

8.2 

9.4 

8.6 

31    .... 

8.3 

13.5 

4.8 

9.0 

15.7 

8.3 



8.5 

Daily  gage  height,  in  feet,  of  Broad  River  at  Carlton,  Georgia,  for  1898, 


1 

Day. 

1 

1 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

3.05 

3.35 

l.W 

3.60 

3.30 

1.60 

1.40 

3.10 

9.10 

-15 

2.a5 

3.75 

3 

3.fUJ 

3. 15 

l.JK) 

3.75 

3.15 

l.fiT) 

i.:j5 

1.95 

18.  K5 

2.10 

2.a5 

2.5.5 

,      '.\.  ... 

1.95 

3.10 

1.95 

3.45 

3.a5 

\.m 

i.:i5 

1.80 

18. 5:^ 

3.30 

3.30 

3.80 

4 

1.95 

3.05 

3.10 

2.m 

3.(»5 

l.TiO 

1.40 

3.00 

13.38 

4.S.5 

2.30 

3.«» 

5 

l.{« 

3.00 

3. 15 

5.35 

3.(R) 

1.55 

1.80 

3.85 

7.88 

11.20 

3.30 

3..V) 

« 

1.95 

3.05 

3.05 

4.45 

3.00 

1.50 

2.85 

4.00 

5.00 

10. 10 

3.30 

3.  in 

mm 

t 

1.95 

3.05 

3.00 

3.00 

3.00 

1.45 

3.50 

4.30 

4.60 

4.:t5 

2.40 

2.85 

•        y 

1.95 

3.(X) 

1. 95 

3.60 

1.95 

1.45 

3.(50 

3.40 

4.50 

3.35 

3.;i5 

3. 70 

9 

1.1*5 

3.  (JO 

1.90 

3.45 

1.95 

1.40 

3.:«) 

3.50 

3.  .50 

3.90 

2.:i5 

3.00 

10 

1.90 

3.(K) 

l.JX) 

2.4<J 

I.IH) 

l.:i5 

1.95 

3.30 

3.«) 

3.70 

3.ft5 

3.  .55 

1     11 

1.90 

3.00 

l.K', 

3. 4,5 

1.90 

l.:i.5 

1.70 

3.05 

2.  K-) 

2.t5<l 

3.45 

3.55 

,     13 

l.ttJ 

3.00 

1.85 

3.:v» 

1.90 

1.40 

1.00 

(5.20 

2. 70 

2.  .50 

3.4(> 

3.  .50 

13 

l.JK) 

1.95 

1.8;') 

3.35 

l.K-) 

3. 00 

1.90 

4.05 

3.55 

3.45 

3.45 

3..W 

!    14...-. 

1.90 

1.95 

3.  :J5 

3.30 

1.8.5 

l.f/J 

4.30 

3.50 

3.45 

3.40 

3.95 

3.45 

■     15 

1.90 

1.95 

3.80 

3.:« 

1.K5 

1..VJ 

3.85 

3.00 

3.40 

3.30 

2.90 

3.4t> 

Irt 

1.90 

1.90 

3.40 

•»  or- 

1.80 

L.'iO 

3.55 

3.70 

3.;i5 

3.35 

2.75 

2.40 

17.    ... 

l.M 

1.90 

3. 45 

3. 15 

1.80 

l..V> 

3.55 

3.35 

3.:i5 

3.35 

3.00 

3.45 

18    .... 

1.K5 

1.95 

3.  .35 

3.10 

1.80 

3. 40 

3.00 

3.35 

3.35 

3.70 

3.00 

2.45 

W) 

1.H5 

3.05 

3.35 

3.(»5 

1.K5 

3..'J5 

l.W) 

rt.95 

3.25 

3.35 

3.55 

2.45 

3«) 

3. 15 

3.<I0 

3.1(» 

3. 10 

3.10 

3. 15 

l.so 

3.6f) 

3.30 

3.65 

3.4<i 

2.70 

,    31  ... . 

3.  .55 

3.00 

3.<J5 

3.05 

1.85 

1.80 

1.70 

3.00 

3.30 

3.60 

2.«) 

3.00 

•>* 

3.  .r, 

1.95 

3.00 

3.00 

1.81) 

l.»in 

l.«i5 

3.85 

3.35 

4.45 

3. 7f> 

3.65 

Z\ 

3.3i> 

1.95 

1.1»5 

3.00 

1.80 

1 .  .55 

9.00 

3.  .55 

3.40 

3.  (V5 

3. 70 

4.a5 
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EASTERN   GUIiE    BRAIKAGE. 

DESCRIPTION    OF    RIVER    STATIONS. 

Molina  station  on  Flint  River. — Described  on  page  45  of  Paper 
Xo.  15.  Results  for  1897  shown  on  pages  233-234  of  the  Nineteenth 
Annaal  Report,  Part  lY.  The  alternate  accumulation  and  washing 
out  of  sediment  in  an  eddy  half  a  mile  below  so  affected  the  gage 
heights  that  it  has  not  been  possible  to  establish  a  definite  relation 
between  them  and  the  discharge  measurements  of  1897  and  1898. 
Prof.  B.  M.  Hall  has  constructed  a  rating  t^ble  by  averaging  the  con- 
flicting measurements  that  were  made  at  or  near  the  same  gage 
heights.  This  is  the  best  that  can  be  done  with  the  data  in  hand. 
A  new  station  will  be  established  as  soon  as  a  proper  section  can  be 
found. 

Albany  station  on  Flint  River. — This  station  is  maintained  by  the 

United  States  Weather  Bureau.     The  drainage  area  is  approximately 

5,000  square  miles.     The  observ^er  is  John  E.  Clark.     No  discharge 

measurements  were  made  during  1898.     Mr.  J.  B.  Marbury,  the  local 

forecast  official  at  Atlanta,  Georgia,  furnishes  the  following  informa- 

tion:  The  river  gage  is  in  two  sections.     The  long  section,  from  10  to 

36  feet,  is  nailed  in  two  segments  to  the  south  face,  downstream  side  of 

t^he  west  pier  on  the  right  or  Albany  side  of  river.     The  short  section 

i^  nailed  to  a  cypress  tree  120  feet  down  the  river  from  pier.     The  top 

<>:f  the  pier-foundation  sill  is  8.1  feet  above  low  water.     A  second  gage, 

^"^ading  from  zero  to  21  feet,  is  nailed  to  a  cypress  tree  on  left-hand 

tfc^nk  of  river,  about  100  feet  downstream  from  the  point  where  the 

^outh  side  of  Commerce  street,  if  extended,  would  cross  the  river. 

I^he  first  bench  mark  is  the  top  of  the  white  marble  foundation  stone 

^^t  the  A.  M.  E.  Church,  comer  of  Washington  and  State  street,  Albany, 

Ci^eorgia.     It  is  49.5  feet  above  zero  of  gage.     The  second  bench  mark 

*^  the  top  of  the  sill  of  the  old  wharf  at  the  foot  of  Broad  street.     It  is 

^  feet  above  low  water. 

Oakdale  station  on  Chattahoocliee  River, — Described  on  page  40  of 
aper  No.  15.  Results  for  1897  shown  on  page  235  of  the  Nineteenth 
-c\.nnual  Report,  Part  IV.  On  July  1  the  station  was  moved  to  Mason 
^^nd  Turner's  Ferry,  1  mile  below  Oakdale.  The  observer  is  C.  II. 
Turner.  The  gage  at  this  point,  known  as  Oakdale  lower  gage,  is 
xiailed  to  a  tree  on  the  right  bank,  100  yards  below  the  ferry,  and  is 
^«t  1  foot  deeper  in  the  water  than  the  gage  at  the  Southern  Railroad 
Itiridge. 

West  Point  station  on  Chattahoochee  River, — Described  on  page  47 
of  Paper  No.  15.  Results  for  1897  are  shown  on  page  237  of  the  Nine- 
teenth Annual  Report,  Part  IV. 

Canton  station  on  Etowah  River, — Described  on  page  48  of  Paper 
No.  15.    Results  for  1897  shown  on  page  242  of  the  Nineteenth  Annual 
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Report,  Part  IV.  The  zero  of  gage  is  881.02  feet  above  sea  level,  as 
given  in  Report  of  United  States  Weather  Bnreaa,  Daily  RiT«r 
Stages  on  the  principal  rivers  of  the  United  States,  Part  IV,  1893. 

Carters  siation  on  Coosawattee  River. — ^Described  on  page  49  of 
Paper  No.  15;  results  for  1897  shown  on  page  243  of  the  Ninetoenih 
Annual  Report,  Part  IV.    The  observer  for  1898  was  H.  S.  Weems. 

Resaca  siaiion  on  Oostanatda  River. — ^Described  on  page  50  of 
Paper  No.  15;  results  for  1897  given  on  page  245  of  the  Nineteendi 
Annual  Report,  Part  IV. 

Rome  station  on  Coosa  River. — Coosa  River  is  formed  by  the  junc- 
tion of  Etowah  and  Oostanaula  rivers  at  Rome,  Georgia.    Measoie- 
ments  of  discharge  are  made  on  each  of  these  tributaries.    The  Etovah 
River  is  measured  at  Second  Avenue  Bridge  and  Oostanaula  River  M 
Fifth  Avenue  Bridge,  and  the  results  added  to  give  the  flow  of  Coofli 
River,  the  junction  being  a  short  distance  below  these  bridges.    The 
gage  height  is  taken  from  the  Weather  Bureau  gage  at  Fifth  Avenue 
Bridge,  on  the  Oostanaula.    There  is  practically  no  fall  on  the  Oosta- 
naula River  from  Fifth  Avenue  Bridge  to  the  junction,  hence  the 
gage  is  used  as  Coosa  River  gage,  and  gives  the  fluctuations  of  Coofli 
River.    This  gage  is  4  by  6  timber,  graduated  to  feet  and  tenths,  and 
fastened  to  the  downstream  left-hand  comer  of  the  first  pier  from  left^ 
bank.    The  zero  of  gage  is  575.79  above  sea  level.    The  United  State» 
Weather  Bureau  has  maintained  a  station  here  for  many  years.    I^ 
is  now  maintained  only  as  a  half-year  station,  from  November  1  to 
April  30,  inclusive,  but  W.  M.  Towers,  the  river  observer,  feels  9^ 
much  personal  interest  in  the  matter  that  he  reads  the  gage  during 
the  other  six  months  without  compensation,  and  kindly  furnishes  th^ 
Survey  with  monthly  reports  of  the  daily  gage  heights  for  the  entire 
year  without  charge.     Mr.  Towers  has  kept  the  record  for  many  years^ 
and  has  predi(*te<l  floods  with  great  precision. 

Riverside  station  on  Coosa  River,  inchtding  locks  Xos,  4  and  5. — 
I)escril)ed  on  page  51  of  Paper  Xo.  15;  results  for  1897  given  on  page 
246  of  the  Nineteenth  Annual  Report,  Part  IV. 

Wetumpka  station  on  Coosa  River. — Described  on  page  54  of  Paper 
No.  15,  and  on  page  241  of  the  Nineteenth  Annual  Report,  Part-  IV. 

Milstead  station  on  Tallap(K>sa  River. — Described  on  page  56  of 
Paper  No.  15;  results  for  1807  shown  on  page  249  of  the  Nineteenth 
Annual  Report,  Part-  IV.  This  station  wjis  established  by  B.  M.  Hall 
August  7,  1897. 

Tuscaloosa  station  on  Black  U^arrior  River. — Described  on  page  57 
of  Paper  No.  15;  results  for  1897  shown  on  page  250  of  the  Nineteenth 
Annual  Report,  Part  IV.  The  ol>server  since  April  16, 1898,  has  been 
K.  C.  McCalla,  jr.,  Uniteil  States  assistant  engineer. 
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DaUy  gage  height,  in  feet,  of  CootawatUe  River  at  Cartera,  Georgia,  for  ISDS. 
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Dailff  gage  Jteight,  in  /eel,  o/  OottanaJila  River  at  Retiaea ,  Qeorgta,  for  1S9S. 
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DaQy  gage  height,  in  feet,  of  Cooea  River  at  Home,  Qeargia,  for  1897. 
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Daily  gage  height,  in  feet,  of  Coosa  River  at  Rome,  Georgia,  for  1898, 
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54  OPER.\.TT05S   AT   RIVER   STATIOT^S, 

T^3;if  gngft  h^ht,  in./^^,  of  Coosta  River  at  lower  gage^ 

ab^jre  RiverncU,  Alabama^  for  IS^, 
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lUygage  height,  in  feet,  of  Coosa  River,  at  Lock  No,  5  {Collina  Ferry,  Alabama) , 

for  1898. 
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OHIO    RIVER   DRAINAGE. 

DESCRIPTION  OF  RIVER  STATIONS. 

idsviUe  staiion  on  Youghiogheny  River. — This  station  at 
ville,  Garrett  County,  Maryland,  was  established  August  17, 
i^  E.  G.  Paul.  The  observer  is  J.  H.  Cuppet,  a  merchant 
^  within  a  short  distance  of  the  gage.  The  height  of  water  is 
i  bv  means  of  a  wire  attached  to  the  floor  timber  on  the  lower 
the  highway  iron  bridge  connecting  the  east  and  west  portions 
illage.  This  wire  is  20  feet  long  from  zero  to  the  extreme  end 
'eight.  The  scaleboard  is  14  feet  long,  graduated  to  tenths  of 
The  stream  channel  is  straight  for  several  hundred  feet  above 
3w  the  bridge,  and  it  has  a  solid  bottom  with  high  banks  on 
t-hand  side. 

>rd  station  on  New  River, — This  is  located  on  the  New  River 
ly )  Bridge,  close  by  Radford  Station,  on  the  Norfolk  and  West- 
ilway.  It  was  established  August  1,  1898,  by  D.  C.  Hum- 
The  observer  of  river  heights  is  A.  J.  Killinger,  Kadford, 
I.  The  gage  used  was  erected  by  the  United  States  Weather 
,  and  consists  of  a  vertical  board,  graduated  to  tenths  of  a  foot, 
1  to  the  iron  framework  connecting  the  pair  of  iron  concrete 
•s  which  form  the  first  pier  from  the  right  bank,  close  to  the 
f  the  two  cylinders.  The  bench  mark  is  the  bottom  of  the 
lorizontal  brace,  connecting  the  two  cylinders;  the  elevation 
lie  zero  of  the  gage  is  3.88  feet.  The  discharge  measurements 
ide  from  the  lower  edge  of  the  bridge,  and  the  initial  point  for 
gs  is  the  right  bank  of  the  river,  40  feet  from  the  first  pier. 
,nnel  is  remarkablj-  uniform  and  nearly  straight  for  about  half 
,bove  and  below  the  station.  The  bottom  is  of  solid  rock  and 
and  is  smooth  and  regular.  On  the  left  bank  there  is  a  very 
bottom,  and  then  a  steep  rocky  bluff;  on  the  right  bank  the 
which  is  overflowed  in  extreme  high  water,  is  about  100  yards 
it  all  water  must  go  under  the  bridge,  which  is  about  85  feet 
)w  water. 

son  station  on  Greenbrier  River, — Described  on  page  58  of 
"^o.  15;  results  for  1897  given  on  pages  253  and  254  of  the 
nth  Annual  Report,  Part  IV. 

te  station  on  New  River. — Described  on  page  59  of  Paper  No. 
ilts  fbr  the  year  1897  given  on  pages  255-266,  of  the  Nine- 
Vnnual  Report,  Part  IV. 

^Ule  staiion  on  French  Broad  River. — Described  on  page  60 
r  No.  15;  results  for  1897  given  on  pages  257-259  of  the  Nine- 
\jinual  Report,  Part  IV. 

m  station  on   Tuckaseegee  River. — Described  on  page  61  of 
5. 
mfltotfcm  a»  lAtUe  Tennessee  River. — Described  on  page  62 
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Murphy  station  cm  Hiurassee  Riren — Described  on  page  63  oi 
Paper  No.  15;  results  for  1S97  given  on  page  259  of  the  Nineteentl 
Annual  Report,  Part  IT. 

Blueridge  station  on  Toccoa  River. — ^This  station,  at  Morgantoi 
Bridge,  about  4  miles  east  of  the  town  of  Blue  Ridge,  was  established 
on  November  25,  1898,  and  J.  L.  Seabolt,  mail  carrier  from  Blu^ 
ridge  to  Morganton,  Georgia,  was  employed  as  ob8er\'er.  He  bai 
since  died,  and  his  son,  II.  M.  Seabolt,  who  is  now  the  mail  carrier, 
has  been  employed  in  his  stead.  He  crosses  the  bridge  twice  ever}'  d»3 
except  Sunday.  No  readings  are  had  on  this  day,  but  figures  hxn 
been  interpolated  in  the  list.  The  gage  is  a  14-foot  rod  in  two  7-fort 
sections,  nailed  to  a  tree  on  the  right  bank  just  below  the  bridge.  1 
is  graduated  to  feet  and  tenths,  and  is  set  to  conform  to  bench  marb 
which  were  established  October  15,  1896,  and  August  26,  1898.  Hm 
measurement  in  1896  was  made  at  the  railroad  bridge,  about  3  milei 
below,  but  is  referred  to  the  present  gage  by  comparison  of  bench  marki 
at  the  two  bridges  on  August  26, 1898.  The  bench  mark  at  Morgantoi 
Bridge  is  on  the  top  of  the  bridge  floor  on  the  downstream  side,  5< 
feet  from  the  initial  point,  and  is  18  feet  above  zero  of  gage.  Mor 
ganton  Bridge  is  a  wooden,  queen-bolt  open  bridge  in  three  spans 
with  a  total  length  between  abutments  of  153  feet.  The  width  of  tb 
river,  including  two  piers,  at  ordinary  stage,  is  143  feet  between  ih 
banks,  the  three  channels  being  50,  38,  and  33  feet,  respectively. 

CTiattanooga  station  on  Tennessee  River. — Described  on  page  64 o 
Paper  No.  15;  results  for  1897  given  on  pages  260  to  262  of  the  Nine 
teenth  Annual  Report,  Part  IV. 

Columbus  station  on  Olentamjij  River. — This  statiou,  establislie( 
ou  November  22,  1898,  by  II.  A.  Pressey,  Prof.  C.  X.  Ik'owii,  an( 

B.  II.  Flynn  is  located  at  the  Fifth  Avenue  Bridge,  in  Columbus 
Ohio.  The  gagings  are  made  from  the  downstream  side  of  the  bridge 
the  initial  point  being  on  the  left  bank.  The  gage  is  a  wooden  post 
graduated  to  feet  and  tenths,  driven  in  the  bed  of  the  stream  nea 
the  bridge.  The  gage  rod  is  referred  to  a  scale  cut  in  the  face  of  th 
left  abutment,  from  which  the  high-water  readings  can  be  take: 
directly.  The  bed  is  rocky  and  the  banks  high  and  never  overflowe<3 
This  is  the  only  available  section  at  Columbus  on  this  river  at  whic 
the  l)anks  are  not  overflowed  at  high  water.     The  observer  is  Pro* 

C.  N.  Brown,  University  of  Ohio,  Columbus. 

Columbus  stcition  on  Scioto  River. — This  station,  established  o 
November  22,  1898,  by  II.  A.  Pressey,  Prof.  C.  N.  Brown,  and  B.  I 
Flynn  is  located  at  the  Grand  View  Avenue  Bridge,  in  Columbus,  Ohi< 
The  wire  gage  is  on  the  upstream  side  of  the  bridge  and  is  referred  ^ 
a  scale  cut  in  the  face  of  the  left  abutment,  from  which  higli-wat< 
reading  can  bo  taken  directly.  The  bed  is  rocky  and  the  banks  seldo 
overflow.     The  observer  is  A.  T.  Scurman,  Columbus,  Ohio. 
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OPERATIONS   AT   RIVER   STATIONS,  1898. PART   I.         [ho.». 


Daily  gage  height,  in  feet,  of  New  River  at  Fayette,  West  Virginia,  for  1898, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

M*y. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec.  ' 

1 

2.40 

4.00 

2.95 

15.43 

4.10 

4.20 

1.80 

4.50 

2.45 

3.30 

4.25 

5.05 

00      .     •    .    •    . 

2.20 

3.30 

2.80 

11.70 

3.85 

8.50 

1.22 

4.50 

2.30 

2.10 

4.20 

4.50 

3 

2.30 

2.70 

2.t$5 

8.90 

3.40 

3.10 

1.15 

4.10 

1.96 

2.06 

4.25 

4.30 

4 

2.15 

2.00 

2.65 

8.00 

3.<0 

2.60 

1.07 

4.20 

1.80 

1.80 

4.30 

4.15 

5 

2.10 

1.55 

2.65 

7.40 

2.85 

2.10 

1.40 

9.55 

2.10 

1.75 

2.60 

4.05 

0 

2.25 

1.5(J 

2.68 

7.30 

3.00 

2.05 

1.80 

12.85 

8.20 

6.18 

2.56 

7.4i> 

1  . .... 

2.40 

1.55 

2.80 

6.80 

9.45 

1.90 

1.35 

9.65 

5.  (JO 

8.30 

4.06 

6.25 

8 

2.  TO 

1..50 

2.85 

7.65 

14.95 

1.50 

1.40 

7.10 

o.  96 

6.55 

8.90 

6.35 

9 

2.80 

1.50 

2.96 

6.10 

10.80 

1.36 

1.65 

7.05 

8.65 

4.20 

8.95 

5.0O 

10 

8.60 

1.40 

2.90 

6.05 

7.40 

1.15 

1.60 

13.06 

8.20 

3.55 

4.10 

4.  US 

11 

4.55 

3.10 

2.75 

6.80 

6.10 

1.15 

1.50 

19.15 

2.30 

8.50 

4.05 

8.a> 

12 

6.40 

4.30 

2.70 

10.85 

5.55 

1.50 

1.45 

16.10 

2.40 

3.35 

8.95 

3.4L» 

13 

6.80 

5.40 

2  65 

9.80 

4.96 

1.50 

1.40 

io.a<s 

2.30 

3.10 

aso 

3.49 

U 

5.85 

4.85 

2.60 

8.40 

4.55 

1.40 

1.80 

9.06 

1.96 

3.(N) 

3.90 

3.4S 

15 

5.60 

4.80 

2.80 

8.35 

4.25 

i.ai) 

1.25 

8.00 

1.66 

2.65 

8.90 

3.40 

,    1« 

7.40 

8.70 

8.05 

10.80 

4.30 

1.85 

1.20 

6.80 

1.56 

2.60 

3.55 

3.4C» 

17 

10.00 

8.30 

8.60 

8.15 

4.58 

1.48 

1.15 

5.56 

1.80 

2.40 

3.50 

a]& 

Id 

7.(» 

3.W 

4.00 

6.80 

4.60 

2.50 

1.00 

4.80 

1.80 

2.80 

3.35 

3.8(^ 

19 

6.80 

2.85 

8.55 

6.00 

4.45 

5.40 

3.  (JO 

4.85 

1.30 

2.25 

8.45 

4.^ 

20 

6.10 

3.10 

8.30 

5.70 

4.80 

8.10 

3.30 

4.25 

1.20 

13.05 

5.75 

6. 59 

21 

4.25 

5.45 

6.70 

5.30 

3.95 

6.30 

8.45 

4.05 

1.15 

11.70 

8.10 

8.1(» 

22 

6.a5 

6.15 

6.00 

5.00 

8.80 

6.00 

2.15 

4.00 

1.20 

14. 10 

7.40 

7.3[> 

23 

0.10 

5.7J 

6.80 

4.30 

11.40 

4.80 

2.05 

3.40 

1.30 

21.25 

5.50 

7.4& 

24 

6.70 

5.10 

7.35 

4.50 

13.90 

3.25 

2.00 

8.30 

8.43 

14.40 

5.55 

9.09 

25 

8.10 

4.40 

8.60 

4.55 

11.25 

2.55 

2.48 

2.95 

9.85 

9.00 

5.60 

6.5^ 

26 

7..T> 

3.65 

10.15 

5.10 

9.10 

2.20 

6.15 

2.60 

8.10 

6.55 

6.10 

6.19 

27 

8.90 

3.40 

10.05 

5.15 

7.00 

1.95 

4.80 

2.45 

7.00 

5.10 

4.80 

5.2^ 

28 

8.  GO 

3.10 

7.25 

5.(6 

5.95 

1.60 

4.45 

2.30 

5.30 

4.15 

4.65 

4.19 

29...  - 

6.95 

10.00 

4.60 

5.45 

1.55 

4.60 

3.15 

4.60 

8.40 

4.60 

4.09 

30 

5.40 

13.90 

4.35 

5.40 

1.40 

4.65 

3.80 

3.70 

8.80 

4.45 

3.6$ 

31 

5.05 



17.85 



4.80 

4.60 

8.30 

3.30 



5.19 

Daily  gage  height,  in  feet,  of  French  Broad  River  at  Aaheville,  North  Carolina,  foi 

JSOS. 


Day. 

1 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

3.25 

3.52 

2.77 

4.60 

3.30 

2. 70 

2. 55 

;}.  TO 

:3.(iO 

t 

3.45 

3.  .tO 

3.H0 

i       2        .. 

3.2i) 

3.47 
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4.  (k) 

3. 30 

2.  ()7 
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3.  IK) 

:i.  50 

3.  :i3 

3.  •jO 

3.  .55 

:    :J 

3.  l.'j 

3.45 

2.7:1 

4.05 

3.27 

2.  iV\ 

2.  ()5 

4.10 

:t.45 

5.25 

3.  .50 

:3.:)> 

!     4 

3.m 

3.;« 

2.70 

4.10 

3. 25 

2.  (a 

2.(W 

8. 55 

6:3:3 

8.10  1 

3  43 

3.25 

5 

2.87 

3. 15 

2.70 

4.20 

;}.17 

2.m 

2.00 

7.2:} 

coo 

7..W  1 

3.40 

3  :»» 

(i 

2.W 

3.10 

2.70 

4.2:} 

3.10 

2.(i0 

2.(iO 

0. 40 

5. 75 

(J.  75 

3.  :i5 

:3.:35 

0» 

i    ..... 

2.1M) 

3.0:> 

2.(V) 

4. 10 

3.(H 

2. 5.') 

2.  .55 

>).  <  t 

5.90 

7.03  1 

:3.(« 

.3.40 

8-.-- 

2.JI0 

3.00 

2.03 

;j.3o 

3.  (« 

2.  Vi 

2.  .V) 

5.W) 

5. 00 

6.06  ! 

3.:S> 

3.35 

;     »-  ... 

'*.W 

3.(¥) 

2.tKJ 

3.40 

3. 0«) 

2. 55 

2. 55 

.5.00 

4.tW> 

(J.  (JO  i 

3.02  , 

;3.25 

10 

2.80 

2.90 

2.0O 

3.40 

3.00 

2.5:1 

3.4'J 

4.40 

4.:30 

5.60  • 

3. 15 

3.30 

11 

2.90 

2.8.> 

2.(i0 

3.40 

2.90 

2.  SO 

2.85 

6.  (iO 

4.25 

5.40 

3.01 

3.1.=> 

12.... 

3.00 

2.80 

2.00 

3.37 

4.00 

2.50 

2.  HO 

7.20 

3.95 

4.70 

:3.01 

:3.13 

13 

3.00 

2.S5 

2.(« 

3.25 

4.00 

2.60 

4.95 

0.95 

3.J(0 

:3.80  1 

3. 10 

3.10 

U...- 

2.J« 

'2.77 

2.(i0 

3.27 

3.40 

2.65 

7.00 

0. 50 

:3.80 

:3.80  1 

3. 50 

3.(^» 

15 

2.}»0 

2.  73 

2.(K) 

3.25 

8.:» 

2.70 

().tV5 

0.00 

3.75 

;i.80  1 

3. 10 

2  97     , 

U> 

2.85 

2. 75 

2.9() 

3.25 

3. 05 

2.90 

0.50 
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3.65 

3.  («) 

3. 15 

2.95    ; 

17 

2. 85 

2. 75 

2.75 

3.23 

3.00 

3.00 

0.50 

4.40 

;3..57 

3.80  , 

3.30 

2.90    : 

18 

2.77 

3.  (Ml 

2.73 

:i.2n 

2. 95 

3.:k 

(i.OO 

4.40 

:3..55 

(5.30 

3.30 

2.93 

19 

3.2^.) 

3. 15 

2.70 

3.17 

2. 95 

4. 50 

5.00 

4.44) 

3. 50 

6.20 

3.30 
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20 

3.30 
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3. 15 
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4. 50 
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4.20 

3.07 
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(>.()r» 
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3.30 

5  ("^ 
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2t) 
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2.71 

4.25 
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5.10 
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OHIO   BITER   DB&INAGE. 
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DESCRIPTION  OP  RIVER  STATIONS. 

WatervUle  station  on  Maumee  Rirer. — This  station,  establish 
November  19,  1898,  by  II.  A.  Pressey  and  B.  H.  Fiynn,  is  loca 
the  highway  bridge,  near  Waterville,  Ohio.  The  gagiugs  are 
from  the  upstream  side  of  bridge,  the  zero  being  on  the  left  ban 
mATked  by  a  nail  in  the  guard  rail.  The  wire  gage  is  referre 
bench  mark  cut  in  upstream  side  of  abutment  on  left  side  of  rirt 
elevation  of  which  is  25.3  feet  above  the  datum  of  the  gage.  Tl: 
13  rocky,  the  current  strong,  and  is  unaffected  by  the  backwater 
tie  lake.     TTie  observer  is  J.  E.  Harpel,  "WateivVW^,  0\v\o. 
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Mexico  station  on  Sandusky  River, — This  station,  established  on 
November  17,  1898,  by  H.  A.  Pressey  and  B.  H.  Flynn,  is  at  the  high- 
way bridge,  near  Mexico,  about  40  miles  above  Fremont,  Ohio,  by  river. 
The  wire  gage  is  on  the  upstream  side  of  the  bridge.  It  is  referred  to 
a  bench  mark,  a  cross  cut  in  the  top  of  upstream  wing  of  right  abut- 
ment of  bridge.  The  elevation  of  bench  mark  is  30  feet  above  the 
datum  of  the  gage.  The  gagings  are  made  from  the  downstream  side 
of  bridge,  the  zero  being  on  the  right  bank,  marked  by  a  nail  in  the 
guard  rail.  The  bed  of  the  river  is  rocky  and  the  section  unobstructed 
by  piers.     The  observer  is  M.  L.  Estep. 

Fremont  stallion  on  Sandusky  River, — This  station,  established  on 
November  18, 1898,  by  H.  A.  Pressey  and  B.  H.  Flynn,  is  at  the  bridge 
of  the  Lake  Shore  Railvray  at  Fremont.  The  gagings  are  made  from 
board  walk  on  lower  cord  of  bridge,  zero  being  a  cross  cut  on  bottom 
lateral  at  west  end  of  bridge.  The  gage,  an  iron  pipe  graduated  to 
feet  and  tenths,  is  located  at  the  waterworks  intake  and  referred  to  a 
bench  mark  cut  on  top  of  south  end  of  west  abutment  of  bridge.  The 
elevation  of  bench  mark  is  20.1  feet  above  the  datum  of  the  gage. 
The  bed  is  rocky  and  the  banks  high  and  not  subject  to  overflow.  The 
observer  is  Charles  F.  Reiff. 
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UPPER  mssorRi  rtter  draixage. 

DESCRIPTION   OP  RIVER  STATIONS. 

Sahst^nif  station  on  TTtsi  Crciilaiin  i?fr-fr.— Described  on  page  66  of 
Paper  Xo.  15:  results  for  l>t«7  shown  on  pages  275-277  of  the  Nine- 
teenth Annual  Report,  Pan  IV. 

Bozeman  station  on  Jliddle  Cr€€Jc. — Described  on  page  67  of  Paper 
No.  15,  and  on  jiage  271  of  the  Xineteenth  Annual  Report,  Part  IV.   A 
wire  cable  was  placed  across  the  stream  in  1S9S,  2 5C»  yards  north  of  the  ! 
gage  station,  and  current  meter  measurements  are  made  from  this. 

Logan  station  on  Gallatin  River. — Described  on  page  68  of  Paper 
No.  15;  results  for  1S97  shown  on  pages  277-278  of  the  Nineteenth 
Annual  Report. 

Redhluff  siaiion  on  Madison  River, — Described  on  page  69  of  Papet 
No.  15;  results  for  1897  shown  on  pages  279-280  of  the  Nineteenth 
Annual  Report,  Part  IV. 

Sappimjfon  .station  on  Jefferson  River. — Describeil  on  page  70  O 
Paper  Xo.  15;  results  for  lsl<7  shown  on  pages  i^^l-:?83  of  the  Xin^ 
teenth  Annual  Report,  Part  IV.  The  observer  since  March  20,  lS9r^ 
has  been  W.  D.  McClellan. 

Ihimsend  station  on  Missouri  River. — Described  on  page  65  o^ 
l^aper  Xo.  15;  results  for  ls'J7  shown  on  pages  283-285  of  the  Xin€^ 
teonth  Annual  Report,  Part  IV. 

Havre  station  on  Milk  River. — This  station  is  at  a  point  on  MilW 
River  about  one-quarter  mile  northwest  of  Havre,  Montana.     Owin^ 
to  the  river  changing  its  channel  so  often  and  banks  dropping  in,  ^ 
special  foi-m  of  gage  rod  was  erected  by  Mr.  Cyrus  C\  Babb.     Thi^ 
(consists  of  a  4-inch  by  4-inch  timber  placed  horizontally  on  supports^ 
and  <'xtending  out  over  the  river  20  feet.     This  is  graduated  in  feet^ 
and  tenths,  and  over  it  is  run  a  wire  witli  a  weight  attached,  which^ 
is  l<)w<»r(Ml  to  the  surface  of  the  water  when  measurements  are  made. 
1'lic  wire  gage  lias  a  length  of  24. S  feet.     The  measurements  for  dis- 
chargi^  an*  made  by  means  of  a  cable  of  2()0  feet  span,  swung  across 
the  river,  on  which  a  box  is  run  by  i)ulleys.     This  is  so  located  that  an 
excellent,  result  can  be  obtain(»d.     Xo  readings  were  had  in  1808  when 
tlie  wat(M*  was  above  the  normal  height,  as  the  'Mune  rise"  had  sub- 
sided before  the  station  was  est^iblished,  May  15,  181)8.     The  observer 
is  Henry  0*llerren,  rancher.    The  discharge  measurements  were  made 
by  t\  \V.  Ling  and  others. 
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The  old  station  at  Chinook,  described  on  p^^  73  of  Paper  No.  IS, 
was  mnlntained  through  1897,  bnt  was  found  to  be  of  doubtful  value 
on  acoount  of  the  poor  section  and  from  the  fact  that  a  number  of 
canals  diverted  water  at  points  above.  It  was  decided  to  move  tlie 
station  to  Havre,  the  wire  gage  erected  being  similar  to  the  one  in 
nse  at  Whitman  station,  on  Wallawalla  River,  Washington.  The 
horizontal  timber  or  boom  noted  above  extends  over  the  bank,  being 
made  fast  to  two  posts  set  firmly  in  the  ground  about  6  feet  apart. 

Livingston  sialicm  on  Yellowstone  River. — Described  on  page  74 
of  Paper  No.  15;  results  for  1897  shown  on  pages  287-289  of  the 
Kineteentfa  Annual  Report,  Part  IV. 

LoveR  sUUion  on  Shoshone  River. — Described  on  page  76  of  Paper 
No.  15;  results  for  1897  shown  on  pages  290-293  of  the  Nineteenth 
Anaaal  Report,  Part  IV. 

Buffalo  station  on  Clear  Creek. — Described  on  page  78  of  Paper 
So.  15;  results  for  1897  given  on  pages  297-298  of  the  Nineteenth 
Annual  Report,  Part  IV.  • 

Fort  Niobrara  station  on  Niobrara  River. — Described  on  page  80 
of  Paper  No.  15;  results  for  1897  shown  on  page  299  of  the  Nine- 
teenth Annual  Report,  Part  IV.  No  gage  heights  were  observed 
dnring  1898. 

TABLES  OF  DAILY  OAQE  HEIGHT. 
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PI^TTE  ETVBR  DBAINAOK. 

DESCRIPTION  OF  RIVER  STATIONS. 

Woods  Landhif}  sMion  oti  Laramie  River. — Described  on  page  81 
of  Paper  No.  15;  results  for  1897  given  on  pages  :iO0-:JO2  of  the 
Nineteenth  Annual  Report,  Part  IV. 

XJva  stalion  on  Laramie  River. — Described  on  page  82  of  Papef 
No.  15;  results  for  1897  given  on  pages  302-304  of  the  Nineteenth 
Annual  Rejwrt,  Part  IV. 

Orin  Junction  station  on  North  Platte  Rirer. — Described  on  page 
83  of  Paper  No.  15;  results  for  1897  given  on  pages  304-307  of  the 
Nineteenth  Annual  Report,  Part  IV. 

Geriixj  station  on  North  Platte.  River. — Described  on  page  84  of 
Paper  No.  15;  results  for  1897  given  on  pages  304-308  of  the  Nine- 
teenth Annual  Report,  Part  IV.  This  station  was  discontinued 
October  ;jl,  1898. 

Camp  Clarke  station  on  North  Platte  River. — Described  on  p^e  &■' 
of  Paper  No.  15 ;  results  for  1897  given  on  pages  308-310  of  the  Niu^ 
teenth  Annual  Report,  Part  IV. 

North  Platte  station  on  North  Platte  River. — Described  on  page  ^" 
of  Paper  No.  15;  results  for  1397  given  on  page  310 of  the  Niiieteentt* 
Annual  Report,  Part  IV.  The  observer  since  May  7,  1S98,  has  be^** 
JJ.  E.  Dress. 
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Morrison  station  on  Bear  Creek, — ^Described  on  page  91  of  Papor 
No.  15;  results  for  1897  given  on  jMige  317  of  the  Nineteenth  Annual 
Report,  Part  IV.  It  is  located  in  the  upper  part  of  the  town  of  Mor- 
rison, Colorado,  but  has  not  been  maintained  in  1898,  owing  to  the 
fact  that  the  Denver  Union  Water  Company  has  given  a  report 
of  the  discharge  of  the  creek  at  their  head  gates,  about  one-half  mile 
above  the  town. 

Marshall  station  on  South  Boulder  Creek. — Described  on  page  91 
at  Paper  No.  15;  results  for  1897  shown  on  page  318  of  the  Nine- 
teenth Annual  Report,  Part  IV.  The  discharges  of  the  Community, 
And  of  the  South  Boulder  and  Coal  Creek  ditches  should  be  added  to 
t^liat  of  the  creek  in  order  to  obtain  the  total  discharge  at  this  point. 
Boulder  station  on  Boulder  Creek. — ^Described  on  page  92  of  Paper 
N^o.  15;  results  for  1897  given  on  pages  319-320  of  the  Nineteenth 
.Annual  Report,  Part  IV. 

Lyons  station  on  St.  Vrain  Creek. — Described  on  page  93  of  Paper 
^No.  15;  results  for  1897  given  on  pages  320-321  of  the  Nineteenth 
^Annual  Report,  Part  IV.  The  discharge  of  Supply  ditch  should  be 
s^ded  to  that  of  St.  Vrain  Creek  to  obtain  the  total  discharge  of  the 
letter. 

Arkins  station^  on  Big  Thompson  Creek. — Described  on  page  94  of 
I^aper  No.  15;  results  for  1897  given  on  pages  321-322  of  the  Nine- 
^^enth  Annual  Report,  Part  IV.  The  discharges  of  Home  Supply 
&nd  Handy  ditches  should  be  added  to  that  of  Big  Thompson  River 
to  obtain  total  discharge  of  the  latter. 

Denver  station  on  South  Platte  River. — Described  on  page  88  of 
Paper  No.  15;  results  for  1897  given  on  pages  311-315  of  the  Nine- 
teenth Annual  Report,  Part  IV.  Another  inclined  gage  rod  reading 
the  same  as  the  one  on  the  right  bank  was  placed  on  the  left  side  in 
August  and  is  now  in  use.  It  consists  of  a  4  by  4  inch  by  12  foot 
timber  fastened  to  posts  driven  into  the  left  bank  and  graduated  to 
vertical  feet  and  tenths. 

Orchard  station  on  South  Platte  River. — Described  on  page  89  of 
Paper  No.  15;  results  for  1897  given  on  pages  315-31G  of  the  Nine- 
teenth Annual  Report,  Part  IV.     Another  rod  was  placed  at  the 
wagon  bridge  on  April  24,  1898,  and  is  now  in  use.     It  consists  of  a 
vertical  2  by  6  inch  by  5  feet  4  inch  timber,  fastened  by  spikes  to  a 
pile  of  the  bridge  at  about  the  center  of  the  channel,  on  the  down- 
stream side  of  the  bridge.     The  rod  is  marked  in  tenths.     The  new 
gage  rod  is  securely  fastened  by  means  of  heavy  spikes  driven  into  a 
pile  on  east  side  of  bridge  near  the  300-foot  mark.     The  channel 
is  straight  for  several  hundred  feet  above  and  below,  but  both 
iMwiks  are  low  and  liable  to  overflow.    The  bed  of  the  stream  is 
>      sandy  and  shifting  and  liable  to  serious  changes.     The  gagings  are 
aken  either  from  the  lower  side  of  the  bridge  or  by  wading.     The 
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gage  observer  is  still  Hn.  U.  E.  Fol^,  irlw  lives  at  a  dlstMiee  ol 
aboDt  one-fonrtA  mile  and  wbo  reads  the  rod  oaee  eaeli  day. 

CUwmbtu  liaUon  on  Ijoup  iNeer.— Deaoribed  on  gt^e  97  of  Pmti 
No.  16;  resolts  for  1897  given  on  pages  823-883  of  the  Nineteeath 
Annual  Beport,  Part  IT.  No  rating  table  was  oonatmoted  (nrtti 
BtaUos,  there  being  so  oonstaat  relatioa  between  diaobarge  and  ptt 
height  The  mean  daily  discharges  were  computed  by  the  iDdbsel 
method  outlined  Id  the  Ktneteendi  Annual  Bepcwt,  Part  IV,  pigM 


Chhmbua  station  on  Pkttte  iKver.— Deaeribed  on  page  98  vl  Pafm 
No.  18;  reanltB  for  1897  given  on  pages  838-834  of  the  Nineteen 
Annual  Report,  I^rt  IV.  No  raUng  table  vas  oonatmoted  for  USt 
station,  there  being  no  oonstant  relation  between  dtaoharge  and  pp 
hei^t.  Tlie  mean  daily  disohargea  wete  oompnted  by  tiie  indintC 
metliod  outlined  in  the  Nineteenth  Anneal  Report,  Part  IT,  jftga 
824-881. 

Norfolk  Nation  on  EOdtom  Attwr.— Described  on  page  99  of  Pl^ 
No.  16;  results  for  1897  given  on  pages  334-836  of  the  Ninetecatt 
Annual  Report,  Part  IT.  The  obSOTVer  is  Bnrr  Toft.  No  rstihl 
taUe  was  oonstructed  for  this  stati(m,  there  being  no  oonstutt  leb 
tion  between  discfaarfie  and  gage  hei^t.  The  mean  dally  discharga 
were  computed  hy  the  indirect  method  outlined  in  the  KineteeKti 
Annual  Report,  Part  TT,  pages  824-381. 

TABLES  OP  DAILY  QAOB  HBIOHT. 

Daily  gage  height, in  feel,  of  Laramie  River  at  Woods  Landing,  \Vynming,for  I3 
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/  ffage  lieight,  infeeU  of  Laramie  River  at  Uva^  Wyoming,  for  1S9S. 
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Daily  gage  height ,  in  feet,  of  South  Boulder  Creek  at  Marshall,  Colorado,  fo 
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Daily  gage  height,  in  feet,  of  Boulder  Creek  at  Boulder,  Colorado,  for  ISi 


Day 


1 

2. 

3 

4 

5. 

I  . 

8. 

9. 
10. 
11. 
12- 
13- 
14. 
15. 
10. 
17. 
IH. 
10. 

eo- 

IS}. 
24. 
25. 
M. 
27. 
28. 
29. 

:». 

31. 


May. 

June. 

July. 

Aug. 

Sept. 

1 
Oct.         N( 

0.92 

l.HO 

1.80 

0.92 

0.95 

0.25         0 

.93 

1.85 

1.73 

.IK) 

.08 

.:io 

.J»2 

2.(»» 

l.tV< 

.  5»:i 

.08 

28  ' 

.«) 

2.(t} 

l.(MJ 

.05 

.00 

.:jo 

.  05 

1.85 

1.50 

.IW 

.  75 

.30 

.  05 

1.68 

1.52 

i.;»i 

.  (V) 

.50 

1.15 

1.72 

1.5.H 

1.15 

.•i.3 

..r, 

1.40 

1.85 

1.52 

i.(« 

.tiO 

.3.3  1 

1.4« 

1.0(> 

1.52 

.  03 

.55 

.:3o  1 

l.W) 

1.00 

1..5.5 

.S.3 

.♦V) 

.  ;3n 

1.67 

i.a*. 

1.73 

.:m 

.70 

.28 

1.70 

2.  (C, 

i.<y> 

.73 

.  »•».") 

.25         1 

i.a5 

2.a5 

l.eiO 

.70 

.62 

.28 

!.♦«» 

2.4:i 

1..58 

.73 

.iH) 

.  :3«»  1 

1.57 

2.4^{ 

1.5:3 

.73 

.55 

.  30 

1.6<) 

2.4.3 

1..5<> 

.73 

.5:3 

.2:)  ! 

1.62 

2.40 

1.4:3 

.68 

..50 

.21)        1 

L.W 

2.4,3 

i.:w 

J\5 

.rA) 

.2i        1 

1.42 

2. 43 

l.:V) 

J'ii 

.45 

.It}         1 

i.3;j 

2.28 

L.-W 

.  M 

.M) 

-S]        1 

1.2<» 

2.20 

1.2h 

.48 

.30 

1.22 

1.15 

.82 

.45 

.:?{ 

I.IH) 

M.    mm) 

l.(VS 

.85 

.40 

.yy 

1.42 

2.28 

l.fW 

.78 

.3:3 

.38 

1.60 

2.21) 

!.(».') 

.  7.") 

.;&» 

.:{5 

1.68 

2.08 

1.02 

.70 

.28 

.30 

1.78  , 

l.}».-> 

l.(>2 

.♦>.') 

.28 

.28 

1.85 

l.H;i 

.OH 

.  •>} 

.2m 

.25 

1.83 

1.k:j 

.05 

.»io 

.28 

.2:3 

l.Kt 

1.8:i 

.00 

.tio 

.2.> 

0.) 

1.85 

.le 

.78 

•w 
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gage  height,  in  feet,  of  St.  Vrain  Creek  at  Lyons,  Colorado,  for  1898, 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

1 

Oct. 

Nov. 

1.08 
2.25 
1.05 
2.00 
2.05 
2.25 
2.55 
2.72 
2.02 
8.05 
3.06 
3.15 
3.00 
2.00 
2.05 
2.00 
2.05 
2.70 
2.70 
2.56 
2.50 
2.50 
2.45 
2.65 
2.75 
2.00 
2.70 
3.10 
3.05 
2.85 
3.00 

2.00 
3.20 
3.50 
3.45 
2.06 
2.86 
3.10 
3.40 
3.45 
3.46 
3.55 
3.60 
3.75 
3.00 
8.00 
3.85 
4.00 
3.85 
3.85 
3.00 
3.00 
3.00 
3.80 
3.JKi 
3.70 
3.60 
3.30 
3.15 
3.15 
3.10 

3.10 
8.15 
3.05 
8.10 
8.15 
3.05 
3.10 
3.00 
3.10 
2.05 
8.30 
a30 
3.00 
2.05 
2.85 
2.80 
2.75 
2.65 
2.55 
2.45 
2.45 
2.35 
2.45 
2.50 
2.55 
2.45 
2.45 
2.15 
2.10 
2.15 
2.20 

2.15 
2.00 
2.10 
2.06 
2.45 
2.40 
2.40 
2.35 
2.30 
2.20 
2.20 
2.25 
2.20 
2.30 
2.25 
2.20 
2.35 
2.25 
2.30 
2.30 
2.30 
2.25 
2.30 

2.:» 

2.30 
2.25 
2.25 
2.20 
2.20 
2.20 
2.20 

2.80 
2.35 
2.80 
2.30 
2.25 
2.15 
2.15 
2.10 
2.10 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.00 
1.00 
1.80 
1.80 
1.80 
1.00 
1.00 
1.00 

1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.8(1 
1.80 
1.80 
l.feO 
1.80 
1.80 
1.80 
1.80 
1.00 
1.00 
1.00 
1. 00 
1.00 
1.00 
1.80 
1.80 
1.80 
1.80 
1.85 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.00 
1.00 
1.00 
1.80 
1.70 
1.70 
1.70 
1.65 
1.60 
1.60 
1.60 
1.60 
1.70 
1.70 

gpe  height,  in  feet,  of  Big  Thompson  Creek  at  Arkins,  Colorado,  for  1898. 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

0.45 

.35 

.30 

.35 

.26 

.35 

.45 

.50 

.75 

.05 

1.15 

1.10 

1.10 

1.10 

1.10 

1.30 

1.20 

1. 10 

.85 

.85 

.75 

.70 

.85 

.06 

1.20 

1.30 

1.25 

1.30 

1.40 

1.85 

1.35 

1.30 
1.55 
1.60 
1.60 
1.40 
1.35 
1.50 
1.55 
1.60 
1.55 
1.60 
.70 
.85 
.05 
1.20 
1.20 
1.26 
1.40 
1.05 
1.75 
1.65 
1.80 
1.05 
2.00 
1.&5 
1.60 
1.4^ 
1.35 
1.36 
1.85 

1.40 

1.85 

1.25 

1.20 

1.06 

1.05 

1.20 

1.20 

1.20 

1.26 

1.25 

1.80 

1.60 

1.50 

1.40 

1.40 

1.36 

1.30 

1.20 

\M 

1.00 

.00 

.00 

.00 

.00 

.85 

.00 

.80 

.75 

.70 

.80 

1.00 
.75 
.80 
.70 
.65 
.80 
.85 
.85 
.80 
.70 
.60 
.60 
.65 
.65 
.60 
.60 
.65 
.70 
.60 
.60 
.60 
.65 
.60 
.65 
.60 
.60 
.60 
.50 
.55 
.5(» 
.50 

0.75 
.75 
.75 
.50 
.60 
.50 
.55 
.55 
.50 
.50 
.50 
.50 
.50 
.66 
.60 
.30 
.30 
.25 
.25 
.25 
.20 
.25 
.20 
.20 
.-& 
.20 
.20 
.20 
.25 
.25 

0.30 
.30 
.30 
.35 
.25 
.80 
.30 
.35 
.30 
.30 
.30 

.:30 

.25 
.25 
.35 
.20 
.25 
.30 
.30 
.25 
.25 
.15 
.20 
.10 
.10 
.15 
.25 
.10 
.10 
.10 
.10 

0.10 
.10 
.10 
.20 
.15 
.15 
.35 
.25 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.15 
.20 
.30 
.80 
.30 
.35 
.85 
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Apr. 
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t. 

Not. 
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OPERATIONS  AT  RIVER  STATIONS,  ISaS. — ^PART  I. 


List  of  discharge  measurements^  1898. 


Date. 


Stream. 


Apr. ») 

May  23 
Jnneia 

Do.  6 
June  5 
Apr.  2JJ 
May  12 
May  S7 
Juno  H 
Jane  £2 
Apr.  21 

May  10 
May  21) 

Juno  8  i. 
Juno  21  !. 
July    2  1. 
May  la  ; 
Juno  tt  ,. 
Juno 22  I. 
July    2 
May    H 
May  24 
!    Juno  8 
I    Juno  17 
Juno  29 
i    8o|>t.2S 
■    Apr.  ir» 
.    May    2 
May  14 
May  23 
:    May  ai 
Juno  4 
Juno  2:1 
July  22 
July  :>» 

.  Au)?.  r> 

Auk-  2:1 
Sopt.  9 

s*'pt.',»: 

vVt.    u 

Apr    .".' 
Apr  ?.i 

M.«v  JM 
July  II 

A'.:*: 
.\-: 

Air 
Mhv 

KT    .ft  •  ^ 

Ave 
M.4V  r 

T,.  •■-      '  -> 

Av. 
Mjlv   ^►■. 

A  L^-      4 

•  V-..  :* 

.^T  ,   ...         - 

A;r    .'V 

Ajx     * 

y  .'V    7 


Laramie  River. 


.....do 

do 

do 

...do 

..  ...do 

do 

do 

do 

.....do 

North  Platte  River 


.do 

do 

do 

.do 

.do 

.do 

.do 

.do 

do 


Locality. 


Hydrographer. 


Woods 

..Tr;... 

...-do.... 
....do.... 
...do.... 
Uva,  Wyo 


Landing, 


C.  T.  Johnston. 


....do 

....do 

....do 

.  ..do 

a.  wyo I do , 

.do I do 

do ' do 

do I do 

do do 

Grin  Junction,  ,' do 

Wyo.  I 

do ' do 

do ; do 

do ; do 

do , do 

do do 

Oering,  Nebr Robt.  H.  Willis 

do ■ do 

do do 

do do 

do j  Cami) Clarke, Nebr.! do 

do (To I do 

do '. do ! do 

do do I do 

do do 

dt> ' do 

do North  Platto,Nobr 


..    do 

...  do  . 

do  . 

do. 

...do. 
dt»  . 

...do. 

do  . 

do  . 

...  do. 

...do. 
.  do 

.  a.» 


av' 


Ivi'ar  irvvk 


v'rfok. 

a.' .. 


B^'uMcr 


1.» 


a 


.» 


i;'aor  \.'r>vk 


do 

...do 

...do 

...do 

...do 

...do 

....do 

...do 

...do 

...  do 

...do 

...  do 

.  ao 

.   a.' 

>Tvrr:^»Ti.  *.  ■>■ 


a.^ 
a  • 

a.  < 


do 

...do 

Charles  P.  Ro98. 
....do 


do 
do 
do 
do 
do 
.do 
do 
do 
du 
do 

do 

a.. 


A.  L     Follow: 


a. 


•U:-.  i. 


a. 


.1 

.V 


.f 


■  \v> 


Vr.i-.:;  ^.'rrvk 


Lvo:- 


■.lo 


u     .Vri'U's  V." 


i 
t 

V  .  ' 


IV-vvr 


o-  ^" 


l~V..    V 


Gtage 

height. 


I 
I  chi 


Feet. 
L40 

2.00 
2.30 
2.40 
2.10 
1.10 
1.40 

afio 
aso 

2.95 
3.45 

8.00 
6.30 
4.») 
4.fi0 
a  10 
1.50 
2.30 
2.20 
1.70 
a  17 

a45 
a54 
a  61 
a  30 

1.79 
2.10 

2.  en 

2.50 
2.90 

aao 
a25 
aoo 

1.70 
1.20 

.80 
1.01) 

.90 
1.2i> 
!.:»» 
l.d'» 

•z  '^ 
l.:>5 

1  :•' 
:..v- 

:  ■-> 


Sec 


.,  •*  . 


a  fS  a.  va.. 


V    ^»'  ■ 
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LUl  of  diatAarge  meoauremcRfa,  JS9S — Continned. 


f       finlt,    '          Btreun. 

iKW-litT- 

Hydro8r.pher. 
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::::S:::::::::::::::: 
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OPERATIONS   AT    HIVEB    KTATIONh,   1888. — PABT   I.         In 
LM  of  mi9e^la7i»oii»  ditcbarsie  mftmiremeTiti!,  lfi»S, 


HkjrHI 

Jnncki 


Sept.  H 
Sept.  » 


AlWcm.  Nsbr 

LkTKH.  Nebr 

Cnwiord,  Nsbr.... 


GleoD  B.  Smith 


MlmieobBduiia  Blrer. 
SJihOTiiBlTer'."!-. 


HlimecliBdiua  &var. 

PrencbDUta  Blver 

StlnkillK  Water  BI  vor 
Mltmerfikdiii*  IUtqt. 
Long  Pine  River. . .  . 
UlDoecbad  aan  BItut. 


ArUnirtoji,  .' 
O'Neill,  N. -I 
Valentin  i-,_^ 


towii.Nab 

tt,  Nebr... 


Soldier  Crook   ... 

MlobrarH  River. . 


UiddlB  Loup  KlTer . 


"L»vAi."NVbf"!.";i 

Crawford,  Kebr 

0  mile*  west  ot  Craw - 

Fort  Boblna'ai,  Kebr 

MiuwUnd.N«lv..- 
DtmnliiB.  Nebr 


MinDecluvluaB  River 


do 

BeoecA.N'ebr 

Qnndl^anil.Neli 
VnlantlDa,  Ifebr-. 
ArlliiBton.N«br.. 
ValentlDB,  (Tebr.. 


Non.— Additional 


Jeth  Annual  Report,  Part 


WoodaLand- 

Uvft, 

Orin. 

G.H„,. 

CampClRrke. 

North  Pli 

a.. 

^jK^ 

ax. 

Dili, 
uharae, 

.W. 

,^^ 

iSt-^t, 

c-harBe 
Ste.-fl 

as', 

d^ 

£iS.. 

1 

'^f; 

'"t 

Frrl. 

S«.-/f. 

Ftrl 

^A 

fVr/, 

Frri. 

*'-£■ 

FW(. 

& 

S 

I 

*a» 

6. 
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MtfshaU. 

Boalder. 

Lyons. 

Arkins. 

Denver. 

Orchard.rt 

height. 

charge. 
Sec.-ft 

Oase 
height. 

Dis- 
charge. 

Sec-/t. 

Gage       Dis- 
heigbt.  charge. 

Oaffe      Dis- 
height.  charge. 

Feet.    SeC'ft. 

Gage 
hei^t 

Dis- 
charge. 

Sec.'ft. 

Gage 
height. 

Dis- 
charge. 

fwf. 

Feet. 

Feet 

Sec'ft. 

Feet. 

Feet. 

Sec-ft. 

0.5 

1 

0.2 

3 

2.0 

40 

0.2 

8 

4.8 

'      50 

2.0 

0 

.6 

4 

.3 

< 

2.1 

M 

.3 

18 

4.9 

69 

2.1 

10 

* 
.  1 

9 

.4 

13 

2.2 

89 

.4 

30 

6.0 

90 

2.2 

40 

.8 

15 

.5 

20 

2.3 

115 

.5 

45 

5.1 

113 

2.3 

75 

.9 

K 

.6 

29 

2.4 

141 

.6 

63 

6.2 

139 

2.4 

113 

1.0 

31 

.7 

41 

2.5 

166 

.  1 

85 

5.3 

168 

2.5 

153 

1.1 

41 

.8 

56 

2.6 

192 

.8 

111 

6.4 

201 

2.6 

196 

1.3 

52 

.9 

75 

2.7 

218 

.9 

142 

6.6 

239 

2.7 

240 

1.3 

64 

1.0 

98 

2.8 

243 

1.0 

177 

6.6 

283 

2.8 

288 

1.4 

78 

1.1 

124 

2.9 

269 

1.1 

215 

6. 7 

334 

2.9 

346 

1.5 

,       93 

1.2 

IM 

3.0 

295 

1.2 

256 

5.8 

992 

8.0 

408 

1.6 

'      lin 

1.3 

184 

3.1 

320 

1.3 

297 

6.9 

456 

3.1 

482 

1.7 

13) 

1.4 

216 

3.2 

846 

1.4 

341 

6.0 

625 

3.2 

508 

1.8 

152 

1.5 

250 

3.3 

372 

1.5 

385 

6.1 

699 

3.3 

781 

1.9 

176 

l.tf 

283 

3.4 

897 

1.6 

429 

6.2 

6n 

3.4 

968 

2.0 

.      301 

1.7 

316 

3.5 

423 

1.7 

4?3 

6.3 

759 

3.5 

1.165 

2.1 

236 

1.8 

350 

3.6 

449 

1.8 

517 

6.4 

8U 

3.6 

1,842 

251 

1.0 

383 

.  8.7 

474 

1.9 

661 

6.5 

932 

3.7 

1,529 

2.3 

276 

2.0 

416 

•  3.8 

600 

2.0 

605 

0.6 

1,022 

3.8 

1.716 

2.4 
2.5 

2.6 
2.7 
2.8 
2.9 
3.0 

301 
326 
352 
377 
402 
427 
452 

2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 

483 
550 
616 
683 
750 
816 
883 
050 
1.016 
1,063 

3.9 
4.0 
4.1 

626 
651 
677 

6.7 
6.8 
6.9 
7.0 
7.1 
7.2 
7.3 

09      4 

1.114 
1.207 
1,301 
1.396 
1,492 
1,588 
1,(184 

4         W>Wk 

3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 

1,903 
2.090 
2,277 
2.464 
2,651 
3.838 
3,026 

7.4 
7.5 
7.6 
7.7 

1,  <W 
1.876 
1.972 
2.(J68 

4.6 

3,214 

•«•••«•• 

a  Applicable  from  April  24  to  December  31, 1898. 


KANSAS  RIAHER  DRAIXAGE. 
DESCRIPTION   OF   RIVER   STATIONS. 


Superior  station  on  Republican  River, — Described  on  page  107  of 
Paper  No.  16;  results  for  1897  shown  on  page  338  of  the  Nineteenth 
Annual  Report,  Part  IV.  The  observer  was  Carl  Schaer.  The  station 
^as  discontinued  on  December  1, 1898.  Flash  boards  were  kept  on  tlie 
lam  from  September  13  to  October  12.  As  noted  in  descriptions  in 
Paper  No.  16,  the  gage  rod  was  first  placed  just  above  the  river 
highway  bridge,  which  is  itself  some  75  or  100  yards  above  the  dam 
^hich  diverts  water  into  the  mill  race.  This  gage  remained  in  place 
luring  the  season  of  1898,  and  was  read  by  the  hydrographer  in  con- 
lection  with  measurements  of  discharge,  the  reading  being  noted 
mder  the  head  of  "river  gage."  At  the  beginning  of  the  season  of 
898  two  other  gages  were  installed  at  this  station,  one  being  placed 
D  the  river  a  few  feet  upstream  from  the  crest  of  the  dam,  and  the 
•ther  being  placed  in  the  mill  race  where  it  is  crossed  by  a  wagon 
bridge  about  50  yards  below  the  head  of  the  race.  The  former  of 
hese  two  additional  gages  has  been  called  the  "dam  gage,"  to  dis- 
in^ish  it  from  the  "river  gage"  previously  noted.  Its  zero  was 
)laced  as  nearly  as  practicable  at  the  height  of  the  crest  of  the  dam. 
rhe  gage  in  the  mill  race  was  set  so  that  at  the  time  of  setting  its 
"eading  was  2  feet  in  excess  of  that  on  the  "dam  gage."  The 
)b8erver  was  instructed  to  make  daily  one  set  oi  ob»eTNaX\o\i«j.j  ^wi- 
\\sXmgoftbe  following:  Reading  on  *'dam  gage,"  TeaA\TL%  o^  ^"a.^^;^  Va. 
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min  race,  and  length  of  tinM  ieq«ii^  Cor  float  ill  mb^^ 

to  tmyorse  a  range  of  SO  f^et  wUoh  had  been  staked  on  tlue  banka 

Measurements  of  discharge  wem  made,  as  in  previons  yeaxsi  alte 
highway  bridge,  thos  detennining  at  onoe  the  sum  of  the  disdiaqtei 
over  the  dam  and  throngh  the  mill  race.  The  disdiarge  of  the  mSSL 
raoe  was  measured  in  order  tiiat  it  might  be  deducted  from  the  totel 
mMSured  discharge  of  the  river  to  give  the  amount  passing  over  die 
danu  It  was  hoped  that  the  relation  between  wtttw  height  on  *^i$m 
gage^and  the  amount  of  water  pasdng  over  the  dam  would  be  stiMe 
and  regular.  It  was  also  hoped  that  the  daily  observations  cl  pfb 
height  and  midstream  surteoe  velocity  in  the  miU  raoe  would  fundah 
iaiA  for  the  reliable  estimation  of  the  amount  to  be  added  to  flat 
passing  over  the  dam  in  order  to  give  the  total  disdiarge  of  flie  rinr. 
On  computing  the  results  for  the  season,  it  appears  that  while  there 
is  not  the  r^^ularity  and  degree  of  certainty  hoped  f or^  yet  Ae 
scheme,  with  slight  modifications,  is  the  best  that  can  be  devised  for 
this  station.  The  accompanying  table  of  daily  gage  heights  gives  fl» 
reading  of  the  gage  at  the  dam,  and  the  computations  of  disdiiige 
for  1898  are  based  upon  the  readings  at  this  gage,  *  Hie  height  oa 
this  gage  is  also  given  in  the  list  of  disohatge  measurements  rstter 
than  tiiat  on  the  river  gage. 

JtmcUon  aty  MkUm  an  BepuiUoan  ittt^er.— Described  on  psp 
109  of  Pftper  No.  16;  results  for  1897  given  on  page  389  of  theKtee- 
teenth  Annual  Report,  Part  IV. 

Niles  station  on  Solomon  River. — ^Described  on  page  111  of  Pap^r 
No.  16;  results  for  1897  given  on  page  342  of  the  Nineteenth  Annual 
Report,  Part  IV. 

Salina  station  on  Saline  River. — Described  on  page  113  of  Paper 
No.  16;  results  for  1897  given  on  page  343  of  the  Nineteenth  Annual 
Report,  Part  IV. 

EUsivorth  station  on  Smoky  HiU  River. — Described  on  page  lU  ot 
Paper  No.  16;  results  for  1897  given  on  page  346  of  the  Nineteentl*' 
Annual  Report,  Part  IV. 

Manhattan  station  on  Blue  River. — Described  on  page  115  of  Pape^ 
No.  16 ;  results  for  1897  given  on  page  347  of  the  Nineteenth  Annua^J 
Report,  Part  IV. 

Latvrence  station  on  Kansas  River. — Described  on  page  116  o^ 
Paper  No.  16;  results  for  1897  given  on  page  349  of  the  Nineteentl 
Annual  Report,  Part  IV.  The  quantity  of  water  passing  through  th< 
flume  leading  to  the  water  wheels  at  this  station  is  very  variables- 
There  are  eight  of  these  water  wheels  of  several  different  sizes.  The] 
may  all  be  in  use  at  one  time,  causing  a  discharge  of  several  hun^ 
dred  second-feet;  or  only  two  of  them  may  be  running,  using  a  muc^^ 
smaller  quantity  of  water.  Even  though  this  flume  be  carefully  ratec:^ 
for  any  number  of  these  wheels  in  use,  it  is  difficult  to  determin-^ 
which  are  in  use  each  day  and  the  number  of  hours  they  are  in  usc^  - 
^or  these  reasons  it  has  been  decided  to  eatabW^Vv  «b  ^^^^^  at  LecomF^^ 
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out  11  miles  by  rail  up  the  tiver,  where  a  new  carriage  bridge 
the  river  will  famish  a  couveuieut  place  for  measuring  the 
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List  of  discharge  meastirementH^  1898, 


Stream. 

Locality. 

Hydrogrrapher. 

Gaffe 

he  {rht. 

Feet. 
2.79 

3.39 

3.12 

3.60 

2.91 

2.50 

2.29 

2.35 

3.40 

3.40 

2.50 

.79 

1.16 

1.06 

1.40 

.89 

.60 

.30 

.15 

1.40 

1.18 

.50 

4.80 

3.90 
4.90 
4.50 
5.35 
3.00 
2.70 
2.80 
6.70 
5.40 
5.10 
5.50 
6.00 
4.70 
4.20 
4.30 
3.30 
2.80 
2.70 
3.20 
3.50 
2.70 
2.20 
6.80 
8.15 
10.45 
2.60 

i.:w 

1.05 
1.31) 
1.85 
4.20 
1.80 
1.10 
1.4fJ 
1.50 
2.15 
1.05 
5.00 
7.00 

13.70 
3.80 
1.08 
1.4:i 

-.32 

Dis- 
charge. 

Mill  race.  Republi- 
can River. 
do 

Superior,  Nebr 

do 

Glenn  E.  Smith.... 

do 

do 

do 

do. 

Sec-feet. 
87 

65 
SO 
52 
52 

85 

do 

do 

do 

do 

do 

do 

...do 

do 

do 

do 

do 

do 

56    1 

do 

...    do 

do 

11     1 

.do 

do 

do 

68 

8 

86 

626 

1.337 

1,030 

1,573 

679 

416 

119 

76 

252 

143 

380 

1,409 

686 

1.827 

1.226 

2.179 

355 

130 

150 

227 

167 

116 

156 

94 
50 
49 
50 

;& 

39 

71 

76 

33 

14 

a  355 

^512 

c718 

20 

28 

28 

42 

134 

1,(W3 

142 

29 

39 

75 

206 

16 

1,056 

2.419 

10,780 

423 

8.226 

4.529 

964 

do 

do 

do 

do 

do 

do 

Republican  River. . 
do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

::::.do :.:.-...:::::. 

do 

O.  V.  P.  Stout 

Glenn  E.  Smith  ... 
do 

do 

do 

do 

do 

.      do 

do 

AdnaDobson 

Glenn  E.  Smith  ... 

Adna  Dobeon 

Glenn  E.  Smith  . . . 
W.G.  Russell 

do 

...  do 

do 

do 

...   do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Junction  City, 

Kans. 
do 

...  .do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Solomon  River 

...do 

Niles,  Kans... 

do 

do 

do 

do 

do 

do 

...do 

do 

do 

....do 

do 

do 

do 

do 

do 

...:. do  •..:.:::. :::::: 

do 

do 

do 

Saline  River 

...  do 

...  do 

do 

Salina.  Kans 

do 

do...  

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

....  do 

do . 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Smoky  Hill  River. 
do 

Ellsworth,  Kans... 
...do 

;:;:.do :...::.:: 

do 

do 

do               ... 

...do 

....  do 

do 

....  do 

do 

..do 

do 

do 

...do 

do 

do 

do 

do 

...do 

..  ..do 

do 

do 

do 

do... 

do 

....  do 

do 

do 

Blue  River 

Manhattan,  Kans. . 
do 

O.  P.  Hood 

do 

do 

do 

do 

do 

do 

do 

...  .do 

Kansas  River 

do 

Lawrence,  Kans. . . 
do 

E.  C.  Murphy 

do 

do 

Lecompton.  Kans.d 

do 

a  2  p.  m. 
6  6p.  m. 

c  7  a.  m. 
d  Miscell 

aneous  measuremei 

Its. 
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'     Daily  gage  height,  in  feet,  of  Blot  Rii-vrat  Ifanhaltan,  Kaneas,  for  ISS 


Day.      Jm.     Feb, 


Apr.    May.  i  Juno.  I  July,    Ai 


Sept.     Oct.     Si 


1.5S      S.«0      T.SO 


DaSggagahtlgU,  t»faa,  efXanmu  Bher  at  Larnvtet,  KamaM^far  Ml. 


D»y. 

3^ 

i^b.   K 

„. 

Apr. 

May. 

June. 

July.    A 

ag.   Be 

pi. 

Oct. 

Not. 

Dbc. 

i 

J 

o.» 

Bl 

"" 

.80  - 

m 

CONVERSION  TABLES. 
Oallotu  into  eubtefeet. 
1  Unltad  StkUe  Uqnid  gnllan  =S31  coble  In 


[It.  I 


■t.l 


o,i3aaao»  i  Sfioioiu... 

.28738110  i^Ians... 

.tOIMl«5  Siallcnis... 

.SSatSSt  SKsUona... 


«. 

I. 

•- 

» 

I 

., 

» 

' 

«. 

n 

M) 

U.4BW 

U.BSS3 

u.ient 

13.  law 

13.S343 

flee*  per  MCOtuf  into  mile*  per  Iiottr. 
1  foot  per  ■ooond=8,8UO  fe«t  per  bi>nr= ?-.^  or  ^  miles 


[In  miles  per  bonr.] 


IM  per  Moond t.TZtS! 

wtparaeMnd 8.MB0B 

9ee  Smlthaonlan  Hetoorologlcftt  Table*.  Nn. 


a  tset  per  HcoDd t.OKn 

Tfeet  persecoDd 4.7TE73 

SiHtperKCond S.4Bi5S 

a  feet  per  second B.iasu 


1 ' 

1. 

s. 

a 

4. 

^ 

^ 

^_ 

8. 

>. 

*.ni! 

• 

K-Wl 

M.0V11 

W.7T39 

ei.46a 

ee,i3u 

08.0181 

87.  (we 

Miles  per  hoar  into  feet  per  second. 

1  mile  per  bonr =5.280  teat  per  hoar=jJ5^ or  jjjteet  per  second. 
[In  (eet  per  second.) 

lileparbonr 1.46867  |  6 miles  per  bonr 8,80000 

mas  per  bonr S.B3S3S      7  miles  per  hour 10.SA68T 

iUn  per  boar. 1.40X0     8  miles  per  bour 11.73333 

Jllee  per  boor 9.86687  I  B  mdes  per  bonr 18.20000 

illes  per  boor 7.33333  ! 

SwSmltbaoulaD  Heteorologlcal  Tables.  So.  hl.i 
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RatiTig  /nM'«. 

Jam-dou  Oitr.  1        Nil«& 

S.!.... 

EU.wor.b, 

.ax 

1 
1 

s!a 
a.s 

1 

!:! 

1! 

f:* 

1 

'.330 

■s 

.«70 

x.au 

11 

S:| 
II 

Fat. 

!:! 
1 
1 

ail 

1 
|! 

1 

180 

i 

1,100 

aJ=£i^ 

h^5^t 

,&. 

a. 

Dto 

elaree 

a,. 

«-ii«»e 

i 

i 
1 

1 

a£ 

in 

AS 

I 

i 

ssa 

1 

i 

il 
li 

sis 
i.o 

Brc-n. 

1 

TO 

(e 

1 

97B 

P 

8 

1 

2."0 

1(U 

s 

ioS 

li 

4.10U 

II 

"1 

i 

IK 

1 
J 

KMI) 

Si 

COSYISBSIOTH  TAJBUES. 

The  foUoving  tables  for  convertiog  common  units  employed  if 
water  measurement  liave  been  inserted  for  the  purpose  of  faoiliteting 
compatatioDB.  At  the  head  of  each  table  is  placed  the  factor  nsed, 
Uiis  in  the  case  of  decimals  being  carried  out  usually  to  seven  places. 


Ctibiefeet  into  gallons. 

,TS8  cubic  Inches  =  -^i|-  galloiiB 

[IngkUona.] 

cable  faeC. 


=I.MOSm  gallons. 


icDbiGfoot i.aoaat 

ScDblcfeet ItMlOaSS 

BcBUcfeet ».441S68S 

4enUotMt ».assant 

BonUofMt ar.toBBeTO 


0. 

<. 

3, 

*. 

.. 

.. 

.. 

1 

i 

11" 

aa.tt 

ii 

11 
11 

u.os 

38B.W 
HI.TS 

BBB.Sl 

1 

1 
S 

ET 
88 

a 

1 

i 

a: 

i 

i 

31.40 

II 

48e!s 

'IQ.BS 

II 
11 

52.% 

an'.ai 

ii 

aoi.iB 
B;s.a) 

if 
11 

II 

T40.87 

CONVERSION  TABLES. 
Aere-feet  into  ttoond-ftet  fiow  for  £4  hours. 

not  each  ti  li<nm  =  43,M0  cubic  feat  euh  M,400aBa)nd*=^^,or^M 
flow  for  St  boon. 
[In  •ecoDd-fMtforHtiQan.] 
SMIT 


..  s-onno 
.  a.iam 

..  4.(B8H 


i. 

a 

> 

.. 

. 

K 

•■ 

(KM 

1613 

son 

BffiB 

4083 

4598 

4.  .012 

Aere-fmt  into  millions  ofgallonn. 

iire-toot=4a,6«0cnblcfe8t=*^*^L!»  „  !5^Jj^,  or  SaB.Ml.tM  pJlons. 


[In  icalloiu. 
HllllooB.   Tbonsftoda. 

..  a.3S58S]4S8  3^.0 


HIllionB.    Tboannds. 

.  i.auioeeB         i,h6.i 

.  2.  £8008001  l.SBl.O 


,.              !.        1       ,.       1       .. 

5. 

fl. 

T- 

8. 

'■ 

1 

S.H4a> 

li 

0.M17 

Is 

laioMT 

%71«H 
!»,B7g3 

T.Jfl4B^    7.ra04 
a,  7871  !S4.1130 

aoiaoti  1  h'.'faa> 

.saaa 

.WTH 
.1443 

!efl33 

s 

'.wm 

80.9088 

li 
11 

s.<eas 

Bl.!8i7 

1S.0M8 

IS 

£S.inrG 
3s;ao7s 

i 

198 

1 

Is 

ill 

ra.4ea7 

£S.742S 
St.UOOT 
«i.SSK 

Milliona  of  gallons  into  aere-feet. 
Unitad  SUtea  liquid  galloas  or  ^1  million  coble  Incbes 


^l-tJ.AHO.US  coble  teet,  i 


133,68 


,3.0888832  mere-reel 


43;mo- 

(Id  Bcre-Ieet.] 

.    3.a«8S832  I  SmlUlon  gsUoDa ]8.413£Beg 

.    fl.1377881  .  7  million  gslloQB SI. 4831838 

.    9.3»a<(l6  I  Smllllon  g&llonB 24.5610SaO 

.  13.CT55328  B  million  gallons £7.8199402 

.  ia.S4441eU  I 


>- 

3. 

.. 

5. 

.. 

'. 

.- 

sow 

Bias 

bm: 

122:0 

" 

taaoond-ts 
Swcond-fe 

4  second-ta 

5  fleoond-fe 
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[Id  g»lkinapermliint«.] 
.     MS-BSlUi  !  e Moond-feet... 

tm.tteasg  I  TsecoDd-teet... 
.  l,3t0.«3{Be  B*ecoDd-reet... 
.  l,T<».3S4eS«      8ncond-(eet... 


0. 

1. 

3. 

a 

.. 

s 

«. 

^ 

0 

i 

i 

lT,B6a 
SS.II30 

4.e»r 
a,  WW 

37.378 

ai.sa? 

1 
i 

11 
11 

1.M 

11 
11 

0.73! 

li 

ti,«3n 

±,«d3 

i 

1 

T.oau 

1 

11 

la 

IE 

.Iftnuto-fiiaflotM  Info  geeond-feet. 


[Id  seoond'feat,] 


1  mluatA-galloEi 

i  mlDnte-Kallons. .. 
8  mlunM-galloiks. . . 
4  miaate-gallons... 
B  inlnatA-gallDiiB... 


g  mlante-galloaa... 

T  minnM-saUona. . . 

8  mlDate-gallooa. . . 

9  mlnute-calloiui... 


.IIW 

a.ijwi 

'"•' 

istt 

[For  indes,  see  Part  II  of  this  report— Water-Sujiply  Paper  No.  28 
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Snecoud- 


{In  galloiu  per  minute.) 
U8.8SUU  [ 


7>ecoDd-teet... 

8  second-feet... 


0. 

1. 

3. 

". 

4 

,,. 

fl. 

» 

a 

.» 

.S 

!S 

J'!S 

fS 

W 

!« 

ffl 

ia,Ba7 

JUtnu(e-{^aZ[pn«  into  twond-feel. 


[Inw 

I  mlnnte-gaUon 0.0m,ffi8,(ll 

£  iaiiinto.gB]loiu OOl.iaa.OI 

3  miDUt««*lloiU- 009.884,0! 

4  mlnnte-gUlcHiB 008.ei£,0G 


.  8  mlnnte-gmHons,., 
T  mlnategtUIona... 
8  nilnnt«-K»lloM. .. 
SmlDDtfl-gslloiia... 


... 

1.    ; 

"- 

.1 

— 

. 

J__ 

*■     \ 

00(B2      0 

oniTu 

■i.imi 

J,ltlt4  1 

[For  index,  see  Part  11  of  this  report— Water-Supply  Paper  No. '. 
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LETTER  OF  TRANSMITTAL, 


DKPABiniKIlT  0>  THM  INTERIOR, 

mrmED  STAns  asoLOOicAL  Survkt, 

Division  of  Hyurooraphy, 

WasJunyhii,  March  i',  JSiiff. 
Sd:  X  bttve  tlie  honor  to  tmumlt  herewith  brief  tlescnptiflDfi  of 
dw  river  rtatJoaa  in  the  western  porMoii  of  tiie  country  at  which  woti 
mm  carried  on  1^  the  Dlvldon  of  Bjtbognphy  of  this  Survey  daring 
1896,  togetlwr  with  taUeB  of  dally  h^ht  and  related  data,  fur  publi- 
cation iu  the  series  of  Water-Supply  and  Irrigation  Papers.    The 
I  data  for  the  eastern  and  oentnd  porUons  of  the  country  (Part  I)  have 
I  been  transmitted  hh  the  preoeding' number  of  the  series. 

In  this  paper  (pp.  19:3-196)  Isg^venaUstot  low-water nieasurcmenls 
made  in  California  during  1898.     This  work  was  carried  on  by  Mr.  J. 
B.  Lippineott,  who  ataXe*  that  the  aeaaon  at  1S07'98  was  one  of  iion- 
saal  drought  throughoul  flie  State.     The  average  rainfall  for  the  city 
of  Lob  Angeles  between  1^  jrean  1871  and  1898  was  16.59  inches,  bnt 
for  1807-98  it  wii9  only  7. lOloohee  and  for  1898-99  to  May  1  itwasJ.Sl 
htehee,  resnltlnglneztrBoidinarilylowatream  flow.    During  the  nine 
years  ending  {n  1898  the  precipitation  fpr  only  one  season  lias  suV 
Btantially  exceeded  the  average  of  16.59  inches.      During  another 
year  it  has  been  slightly  in  excess,  but  during  the  remaining  seven 
years  the  precipitation  has  been  l)elow  this  average,  and  during  font 
of  these  seven  years  the  deficiency  has  been  very  marked.     Objec- 
tion has  been  made  to  the  publication  of  these  meaaurementa  of  low- 
water  flow  as  prejudicial  to  private  interests,  but  it  is  believed  to  he 
highly  important  to  give  the  facte  as  obtained.    At  the  same  time  it 
shonld  be  clearly  stated  that  absolute  correctness  is  not  claimed  for 
measurements  of  this  character,  but  that  the  resulte  are  accurate 
within  ordinary  or  practical  requirements,  being  aa  complete  as  is 
possible  with  the  available  funds.     The  resulte  furnish  a  fair  general 
indication  of  the  flow  of  the  streams.     The  measuremente  made  with 
current  meters  are  known  to  be  reliable,  and  the  volumes  determined 
from  the  intermediate  rod  readings  are  approximately  correct  within 
the  limit  assignable  to  ordinary  engineering  estimates. 
Very  respectfully, 

F.  H.  Newell, 
Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  Stales  Geological  Survey. 
lOS 
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PART  II. 


ARKANSAS   KIVKK   DRAINAGK. 
DESCRIPTION   OF   RIVER   STATIONS. 

Crrariite  sfafion  on  Arkansas  River. — Described  on  page  117  of 
Paper  No.  IG;  results  for  1897  given  on  page  353  of  the  Nineteenth 
Annual  Report,  Part  IV.  The  observer  is  W.  R.  Reel.  The  record 
lias  been  kept  only  for  August  and  September,  1898. 

Sdlida  station  on  Arkansas  River. — Described  on  page  US  «»f  Paper 
No.  16;  i-esultsfor  1897  given  on  pages  354-355  of  the  Nineteenth 
Annual  Report,  Part  IV.     The  observer  is  William  Fumiss. 

Canyon  stxition  on  Arkansas  River. — Described  on  page  119  of 
Paper  No.  16;  results  for  1897  given  on  pages  355-356  of  the  Nine- 
teenth Annual  Report-,  Part  IV. 

Pueblo  station  on  Arkansas  River. — Described  on  page  120  of  Paper 
No.  16;  results  for  1897  given  on  page  356  of  the  Nineteenth  Annual 
Report,  Part  IV.  Neither  of  the  rods  described  in  Paper  No.  16  are 
now  being  used,  being  replaced  by  one  at  Main  Street  Bridge,  de- 
scribed below,  where  measurements  for  all  three  rods  have  been  made. 
The  river  is  confined  by  city  levees,  and  the  bed  is  sandy  and  con- 
stantly changing.  The  observer  was  R.  L.  Ilolden  up  to  Au^rust  31, 
at  which  time  observations  were  abandoned  at  the  Santa  Fe  Avenue 
Bridge,  being  replaced  by  those  taken  at  Main  Street  Bridge.  The 
list  of  discharge  measurements  for  this  station  will  be  found  under 
the  heading  of  Main  street  station,  they  being  applicable  to  both 
points,  and  all  having  been  taken  at  the  Main  Street  Bridge,  which  is 
located  between  Santa  Fe  Avenue  and  Victoria  Avenue  bridges. 

This  station,  as  above  stated,  is  intended  to  take  the  place  of  the 
Santa  Fe  Avenue  Bridge  at  Pueblo,  from  which  rejwrts  were  received 
np  to  September  1,  but  which  was  abandoned  because  of  the  cutting 
down  of  the  bed  of  the  river  and  the  unreliability  of  the  reports. 
The  new  station  on  the  east  side  of  Main  Street  Bridge  was  estab- 
lished July  10,  1898,  by  A.  L.  Fellows.  The  gage  rod  consists  of  an 
inclined  2  by  6  inch  by  15-foot  plank,  with  a  slope  from  the  vertical 
of  4.6  feet  in  15  feet.  The  space  between  the  marks  on  the  rod  is 
01(U;  the  gage  rod  is  well  painted  and  is  fastened  b}*  iron  bolts  in 
the  masonry  wall.  The  initial  {mint  for  sounding  is  the  north  end  of 
the  bridge  on  the  east  side.  The  channel  is  straight  above  and  below 
for  about  1,000  feet,  and  is  of  gravel  and  sand.  The  l>anks  are  hi^'h 
city  embankments  of  slag  and  masonry  and  are  not  liable  to  over- 
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flow.  The  oroH  wotion  of  the  «haiin<>l  is  good,  but  HUn  up  son 
what  in  low  water  and  ■ooan  In  liigh  walpr.  The  olwerver  is  1 
C.  W.  Reeoe,  water  conunfMtoner  of  fliiitnct  No.  14.  ReaUing?  i 
alw  ttken  at  this  point  by  tha  Piioblo  city  engineer. 

Nepetta  daUon  on  Arkanaaa  i?;?^?-. —Described  on  page  l:l?l 
Paper  "So.  16;  rasaltB  (or  1897  |^ven  on  page  358  of  the  Kinele«ii 
Annual  Report,  Part  IV.  S.  U.  Uuit«  vim  observer  until  July  i,  a 
J.  P.  Haines  for  btfUtnoe  of  the  year. 

Boeky  Ford  $tation  on  Arkanms  River.— TifscribefX  on  paffe  Hi 
Paper  No.  16. 

Jfqfunnola  ataiion  on  ArkanMas  River. — This  station   is  locat« 
about  onfr-half  of  a  mile  north  of  Mnnzanola,  Colorado,  at  a  ve^fl 
brtd^  and  was  flrrt  established  September  29,  1897,  by  Pon«r  J 
Prerton,  vben  a  measniement  was  made,  showing  a  dischai^  of  91 
aeoo^d-feet    The  rod  was  ebanged  in  Maj-,  1898,  however,  and  I 
now  nailed  to  a  8  by  4  inoh  tlmbtr,  which  is  securely  fastened  lo  a 
Iron  pier  in  the  center  of  the  stream.     1'he  rod  oonsista  of  a  3  by 
Inoh  by  18-foot  timber,  marked  in  tenths  by  means  of  a  1  by  6  ino 
Bcale.     The  initial  point  for  sonndings  is  on  the  right  bank,  wbicb  I 
high,  wlille  the  left  is  low  and  liabie  to  overflow.     The  river  bends 
this  point  and  is  not  straight  for  any  considerable  distance  aImjvb 
below,  but  the  channel,  whioh  Is  in  sand  and  gravel,  ia  not  liable  W 
mach  change.    The  obserrer  was  M.  D.  Lyle,  a  ditch  rider  on  Ai 
Callin  Canal.    No  sufflelent  number  of  discharge  measurements  weii 
made  npon  whioh  to  base  a  rstii^  table. 

Trinidad  station  on  Purgatory  River. — Described  on  page  133  rf 
Paper  No.  16;  results  for  1897  given  on  pages  358-360  of  the  Nine- 
teenth Annual  Report,  Part  IV. 

J.  J.  Ranch  station  on  Purgatory  River. — This  station  is  located 
22  miles  south  of  TiAJunta,  Colorado,  and  is  approximately  87  milei 
above  the  mouth  of  the  Purgatory  River.  The  gage  rod  is  placec 
one-half  mile  below  the  mouth  of  Smith  Canyon,  a  lai^  tributary  o 
the  Purgatory.  It  is  nailed  to  a  pole,  which  is  securely  fastened  1^ 
means  of  stakes  driven  into  the  bank.  The  rod  was  originally  grad 
uated  for  a  vertical  position,  but  was  afterwards  placed  in  a  slopiuj 
position.  The  elevations  of  the  several  footmarks  were  taken  with  i 
wye  level,  and  a  correction  table  was  made,  giving  the  correspondini 
vertical  values  for  the  inclined  rod.  The  elevation  of  the  gage  nx 
was  established  in  reference  to  a  bench  mark  placed  on  the  foot  of  ; 
large  oottionwood  tree.  The  river  channel  is  straight  for  a  distano 
of  400  feet  above  and  260  feet  below  the  gage  rod.  The  bottom  is  o 
gravel,  and  there  is  considerable  fall  both  above  and  I>elow  the  rod 
The  discharge  measurements  were  taken  in  18t)S  by  C.  W.  Beach,  bn 
owing  to  the  fact  that  the  two  gagings  were  made  at  times  when  th 
gage  rod  was  in  different  positions,  there  is  no  known  retationshi] 
between  them,  and  no  rating  table  was  constructed.  The  observer  i 
Edward  Sanborn,  a  ranch  laborer. 
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Las  Animas  station  on  Arkansas  River. — ^This  station  is  located 
mt  one-half  of  a  mile  north  of  Las  Animas,  Colorado,  at  a  wagon 
Ige,  having  been  established  May  13,  1898.     The  gage  consists  of 
1  by  5  inch  board  marked  in  tenths  and  wired  securely  to  an  iron 
Idge  pier  on  south  side  of  river  and  upstream  side  of  bridge.     The 
rer  is  straight  for  200  feet  above  and  300  feet  below;  the  bed  is 
idy  and  shifting.     The  banks  are  not  liable  to  overflow  excepting 
I  at  very  high  water.    The  observer  was  C.  W.  Beach  in  May  and  C.  L. 
Horris  after  July  19.     No  gagings  were  made  in  1898. 

Amity  Canal  Jieadgaies  on  the  Arkansas  River. — This  station  is 
:  located  at  the  head  of  the  Amity  Canal,  7  miles  west  of  Lamar,  Colo- 
rado. The  canal  is  taken  out  on  the  north  side  of  the  river  at  a  point 
where  there  is  a  wooden  dam  exteilding  across  the  stream.  The  dam 
is  365  feet  long;  the  crest  of  the  last  81  feet  on  the  south  side  is  16 
inches  higher  than  the  crest  of  the  remaining  284  feet,  which  latter  is 
4  feet  and  4  inches  above  the  floor  of  the  head  gates.  The  river  at 
this  point  washes  against  a  sandstone  bluff.  The  dam  makes  the  river 
channel  unchangeable,  and,  taken  in  connection  with  the  canal,  it  fur- 
nishes an  excellent  place  for  obtaining  the  total  discharge  of  the 
Arkansas  River  at  this  point.  During  the  past  year  the  gagings  of 
the  canal  have  been  taken  in  its  rating  flume;  this  necessitates  a  sep- 
trate  gage  for  crest  of  dam.  It  is  expected,  however,  that  on  Janu- 
ary 1,  1899,  one  gage  rod  will  be  so  placed  as  to  serve  both  for  the 
dam  and  the  canal.  The  observer  is  Mr.  E.  R.  Bannister,  headgate 
keeper  of  the  Amity  Canal. 

Oranada  station  on  Arkansas  River. — This  station  was  located  at 
the  head  gate  of  the  Buffalo  Creek  Canal,  2  miles  northeast  of  Granada. 
The  equipment  consists  of  a  bridge  upon  the  head  gate  of  the  canal, 
there  being  an  earth  dam  across  the  Arkansas  at  this  point,  which 
sometimes  breaks  during  high  water  and  has  to  be  repaired,  thus 
making  the  results  of  the  gage  readings  of  not  great  value,  excepting 
as  showing  the  rise  and  fall  of  the  water.     The  gage  rod  is  vertical 
and  well  painted,  nailed  to  the  head  gate.     The  channel  is  straight  for 
about  2,600  feet  above  and  about  800  feet  below,  and  the  water  runs 
swiftly  both  above  and  below.     The  banks  are  high  on  each  side  and 
the  bed  of  the  stream  is  of  gravel  and  more  or  less  changeable.     The 
observer  is  Ben  Riley,  a  ditch  rider  of  the  Buffalo  Creek  ditch,  who 
takes  the  observations  once  each  day  at  7  a.  m.     No  gagings  liave  been 
made  at  this  point,  as  the  bed  of  the  stream  is  so  changeable  that  gag- 
ings would  be  of  but  little  value.    It  is  expected  that  different  arrange- 
ments, giving  more  valuable  results,  can  be  made  during  1899. 

Hutchinson  station  on  Arkansas  River. — Described  on  page  124  of 
Paper  No.  16;  results  f6r  1897  given  on  pages  3G0-3G1  of  the  Nine- 
teenth Annual  Report,  Part  IV. 

lAberty  station  on  Verdigris  River. — Described  on  page  1 25  of  Paper 
No.  16;  results  for  1897  given  on  pages  369-372  of  the  Niuet^^wt\v 
AnnnaJ  Report,  Part  IV. 
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lola  station  on  Neosho  River. — Described  on  paye  126  of  Paper  NftI 
16;  results  for  1897  given  on  pages  361-363  of  the  Nineteenth  Annnal'' 
Report,  Pan  IV. 
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WESTERN'  GULF  DRAINAGK. 
DESCRIPTION  OF  RIVER  STATIONS. 

Dalian  station  on  Triniiy  River. — This  is  located  at  a  poiut  3  mila 
north  of  the  ootirt-house.  It  was  established  by  Prof.  Thomas  U. 
'Taylor  on  October  1,  ISnS.  The  observer  ia  J.  M.  Hassett.  engineer 
at  the  Turtle  Creek  piiniij  house.  Ol>8ei-vations  are  ittaile  at  6  n.  m. 
and  K  p.  lu.  upoii  a  ga^e  in  the  well  at  the  pump  house.  Tho  lielglit 
of  water  is  Indicatod  by  n  pointer  whieh  slides  up  and  down.  Th* 
well  is  connected  with  the  river  by  a  pipe.  The  top  of  the  well  is  M 
feet  alx)V6  the  city  datum.  Measureuneuts  of  discharge  are  made  by 
watling.  The  eliauuel  is  nearly  straight  both  above  and  below  the 
point  of  measurement;  the  nght  bank  is  high,  and  the  left  tiaiik  'a 
low  and  liable  to  overtlow.  The  bed  of  the  stream  is  of  gravel,  and 
shifting. 

Waco  Ktation  rm  Brazns  River. — This  station  is  at  the  Austin  Street 
Bridge,  northwest  of  Waco,  being  aliout  75  miles  above  the  station  at 
Lfiwls.  The  observ'ev  is  C  E.  Rogers,  a  watchman,  who  takes  read- 
ings at  6  a.  m.  and  6  p.  m.  The  gage  is  fncUued,  the  channel  straight, 
the  banks  high,  but  the  l>ed  of  the  stream  is  of  shifting  sand.  M*m»- 
tireinents  of  discharge  have  been  made  under  the  susx)ension  brii^. 
above  the  railroad  bridge.  Under  the  former,  at  low  water,  is  a  sand 
bar,  which  does  not  affect,  however,  the  i-eliability  of  the  measure- 
ments, as  there  are  then  two  distinct  channels.  This  is  the  condition 
during  the  greater  part  of  the  year. 

Lewis  station  on  Brazos  River. — This  station  is  about  IJ  miles 
southwest  of  Lewis,  Te.\as,  at  the  International  and  Gi-eat  Northern 
Railroad  bridge.  The  observer,  J.  M.  Proctor,  post-office,  Hearne, 
Texas,  is  a  bridge  watchman,  and  takes  readings  at  (3  a.  m.  and  (i  p.  m. 
Thu  ^ig^  is  vertical,  fastened  to  a  post  of  the  bridge.  The  channel 
is  nearly  straight,  and  the  wat'er  moves  with  moderate  rapidity.  The 
banks  are  high  and  the  bed  of  the  stream  sandy.  Since  the  estftb- 
lishment  of  the  station  at  Waco  this  locality  has  less  importance, 

Aiistin  staiion  on  Colorado  River. — Measurements  of  Colorado 
River  of  Texas  are  made  at  two  points  near  Austin.  The  first  of  these 
(Station  No.  3)  is  at  the  Lake  McDonald  dam,  3  miles  west  of  the  city, 
and  the  other  at  a  point  above  the  Congress  Avenue  Bridge,  south  of 
the  city.  Observations  of  height  of  water  in  Lake  McDonald  above 
the  dam  are  made  by  means  of  a  float  placed  above  the  bulkhead  of 
the  power  house  and  between  it  and  the  breakwater.  This  float  is 
connected  by  wire  to  a  suitable  index  in  the  power  house.  The  table 
on  page  122  gives  the  average  daily  reading  thus  obtained.  The 
values  are  expressed  in  plus  and  minus,  accordingas  the  water  surface 
is  above  or  below  the  crest.  A  similar  reading  has  been  kept  since 
September  1,  18'J5.  A  measareinent  above  the  head  of  the  lake  was 
made  on  January  8, 1898,  at  Sulphur  Hollow.  The  water  from  the 
tailrace  of  the  power  house  flows  along  in  front  of  the  toe  of  the  dam 
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and  parallel  with  it.  When  the  water  is  below  the  crest  the  flow  in 
the  tailraee  has  been  determined  to  be  fairly  uniform.  Measurements 
of  discharge  are  made  from  a  temporary  bridge  placed  across  this, 
race.  The  following  measurements  give  the  flow:  January  5,  1898, 
22^  second-feet;  January  6,  230;  January  7,  233;  January  13,  234; 
December  21,  298;  December  22,  296. 

The  observations  south  of  the  city  are  made  on  a  vertical  gage 

attached  to  a  bath  house.     The  observer  is  W.  Peterson.    The  bench 

mark  is  on  the  first  flange  above  the  crib  work  of  the  north  pier  of 

the  highway  bridge.    Its  height  is  4. 78  feet  above  the  zero  of  the  gage. 

Afeasurement4»  of  discharge  are  made  at  a  narrow  place  in  the  river, 

about  one-fourth  of  a  mile  above. 

New  Braunfels  station  on  Gtiadalupe  River, — This  station  is  about 
1  mile  east  of  the  town  of  New  Braunfels,  Texas,  near  the  highway 
bridge  below  the  International  and  Great  Northern  Railroad  bridge. 
Observations  were  begun  on  March  13,  1898.  The  observer  is  G. 
Behnsch,  a  storekeeper  living  about  200  yards  from  the  gage.  The 
i^eadings  are  made  at  8  a.  m.  and  6  p.  m.  The  gage  is  an  inclined  rod, 
marked  to  vertical  feet  and  tenths.  Discharge  measurements  are 
made  at  a  point  above  the  railroad  bridge,  where  the  river  is  divided 
iuto  two  channels  by  an  island.  The  channels  are  nearly  straight, 
the  bed  of  the  stream  rocky,  and  the  results  are  believed  to  be  Tellable. 
The  flow  is  so  nearly  constant  that  observations  through  a  year  are 
believed  to  be  sufficient  for  all  purposes.  The  following  discharge 
measurements  have  been  made  by  Prof.  Thomas  IT.  Taylor:  March 
12,  1898,  gage  height  2.00,  discharge,  350  second-feet.  On  December 
^,  1898,  gage  height  1.90,  the  discharge  of  the  Guadalupe  above  the 
Junction  of  Comal  and  Guadalupe,  1^  miles  north  of  the  city,  just 
l>€low  the  cemetery  crossing,  was  44  second-feet. 

Pecos  station  on   Pecos  River. — Observations  of  height  of  Pecos 
Hiver  have  been  made  at  a  point  6  miles  above  the  town  of  Pecos,  on 
the  Texas  and  Pacific  Railway.     The  observer  is  Willard  H.  Denis, 
"Water  master,  and  the  time  of  observations  6  a.  m.  and  6  p.  m.     Read- 
ings are  made  at  two  points,  one  of  these  being  in  the  river  itself, 
Under  the  flume  of  the  Margueretta  Canal,  and  the  other  in  the  flume 
'Which  carries  the  water  across  Pecos  River  from  the  right-hand  side 
to  the  left,  as  shown  on  page  62  of  Paper  No.  13,  where  is  given  a 
view  of  the  flume.     The  channel  at  this  point  is  nearly  straight,  the 
Water  sluggish,  the  banks  high,  and  the  bottom  sandy  and  shifting. 

Bigh  Bridge  station  on  Pecos  River, — This  station  was  established 
on  March  17,  1898,  and  maintained  until  December  3,  1898,  being 
discontinued  on  account  of  the  difficulty  of  access.  It  is  located  at 
the  Pecos  viaduct  of  the  Southern  Pacific  Company.  This  viaduct 
is  2,180  feet  long  and  the  base  of  the  rails  are  321  feet  above  low 
^ater.  The  observer  is  J.  H.  King,  post-office,  Lozier,  Pecos  Countj', 
Texas.     He  is  section  foreman  on  the  railroad,  and  inake^  o\>^«t\«A\o\vft» 
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at  fi  p.  m.  The  gogu  is  vertical,  fastened  to  the  bridge  pier,  ' 
channel  is  straight  and  the  banks  high  and  rocky.  The  firat  m4 
urement,  that  made  March  IC,  1898,  at  a  gage  height  of  1.00,  gsV 
discharge  of  388  second-feet. 

Del  Norle  station  on  Rio  Grande. — Deseril>ed  on  page  127  of  Pi^ 
No.  IB.  Results  for  1897  given  on  page  381  of  the  Nineteenth  Anai 
Report,  Part  IV.     Observations  are  made  on  alternate  days.  , 

Embudo  utation  on  Rio  Grande. — Described  on  page  128  of  P«J 
No.  IG.  Resnlts  for  1897  given  on  page  384  of  the  Nineteenth  AniB 
Report,  Part  IV. 

Rio  Grande  station  on  Rio  Grande. — Described  on  page  13ft 
Paper  No.  16.  Resnlts  for  1897  given  on  page  38C  of  the  Ninetewl 
Annual  Report,  Part  IV.  i 

San  Marcial  station  on  Rio  Grande. — Described  on  page  131 
Paper  No.  I'i.  Results  for  1897  given  on  page  387  of  the  Nineteen 
Annual  Report,  Part  IV. 

El  Paso  station  on  Rio  Grande. — Described  on  page  132  of  P»i 
No.  Iti;  results  given  on  page  389  of  the  Nineteenth  Annual  Repa 
Part  IV.  Work  at  tliis  locality  has  been  carried  on  by  T.  M.  C« 
chesne,  under  the  direction  of  Mr.  W.  W.  Follett,  consulting  enj 
neer,  International  (Water)  Boundary  Commission.  A  large  nun^ 
of  measureraents  were  made  during  1898,  as  shown  in  the  foUoffi 
list.  Duriiii^  the  months  of  October  aud  November  the  water  was 
low  (probably  not  more  than  2  to  3  second-feet)  that  the  meter  <M 
not  be  need  daring  that  time. 

Li»t  of  diecharge  measurements  on  Rio  Orande  at  El  Paso,  Texax. 


■>"-  St 

^ 

Di«- 

D.... 

ss. 

c^%» 

Dat 

a. 

=£^ 

£  1 1 

& 

'"t 

■^T: 

"li 

":iL 

,iT 

■T 

Sa-.-'l. 

■t* 

a) 

Hay      3 

.ia» 

July 

i,3a» 

'        ] 

00 

.773 

Aui. 

60 

fl30 

0,40 

,asi 

Adk. 

i 

40 

bis 

».B0 

.547 

Auk 

8 

7,10 

SIS 

; 

sn 

9.00 

Ang, 

11 

an 

Jnn 

May    17 

Aug. 

:.o» 

Jm 

Stay    IB 

!»H 

AnR. 

Jui. 

703 

May    3J 

S,80 

Auk- 

Jan 

ffl 

M) 

May    iS 

8.40 

SO 

8.40 

sa 

Ju> 

£&        '. 

May    2T 

H.3U 

Ans^ 

22 

100 

S8 

400 

May    W 

7.80 

Aug, 

iS 

122 

Jun 

June     2 

SS:! 

Au|. 

Jh> 

31        i 

317 

Jnoe    I 

7.9) 

OOS 

Aug. 

29 

*53 

VBb 

10 

40( 

June     a 

8- SO 

1,137 

31 

6,80 

12S 

Fet 

10 

M2 

June     7 

9.  BO 

S.B40 

S^pi 

3 

June    9 

1.881 

M»i 

(0 

406 

3,080 

bI?u 

Hbt 

fflj    ; 

10 

KO 

j22S  30 

8.W 

Sept 

10 

6.SU 

2S 

Ubt 

m 

June  a 

B.70 

i:»« 

Sept 

12 

6.on 

1H 

Uar 

27        1 

80 

Jane  » 

1,4»4 

IBS 

Uar 

S^pt" 

Uar 

08 

Sept 

4fl 

Apr 

1        1 

w. 

jQly     2 

9:80 

liaai 

9>.pt 

SI 

.lilO 

W 

Apr 

3      e 

as 

July      t 

10.40 

3,  ISO 

Sept. 

£4 

4.111 

9 

Apr 

IB 

£W 

July      T 

11.00 

a,mi 

Deo, 

fi.4U 

79 

Apr 

i.aas 

jQly     » 

Dec 

Apr 

Jnly   12 

iuy. 

Dec, 

li.*40 

Apr 

Si     11 

Jnly  » 

isiao 

9>1 

Dec, 

» 

S.40 

«: 

Apr 

2a     10 

fin 

3.H34 

Jnly    ^ 

10.00 

8,  am 

Dec 

27 

(1.10 

in 

Apr.  ^  1    10 

TO 

4.W 

July  la 

8. 80 

2.991 

Dec. 

as 

las 

WESTEBK   GULF   DRAINAGE. 

TABLES  OF  DAILY  OAOE  HEIGHT. 

DaSg  gagt  height,  in  feet,  of  Trinity  River  at  Dalian,  Tesxui,  for  1898. 
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List  of  discharge  measurementfi. 


Date. 

Stream. 

Locality. 

Hydrographer. 

Gage 
heigbt. 

Feet. 

56.80 
2.70 
2.60 
2.60 
7.00 
7.80 

1.80 
1.96 
2.00 
2.06 
1.70 
1.70 

Dis- 
charge. 

1 

Dec.  ao 
,  Sept  14 

Trinity  River 

BrazoB  River 

do 

Dallas^  Tex 

Waco,  Tex... 

T.U.Taylor 

do 

Sec-feet. 

48 

248 

142 

142 

1,612 

2,017 

280 
855 
398 
406 
275 
278 

Dec  26 

do 

do 

Dec  31 

do 

.....do.............. 

do 

Feb.  2S 

....do 

Lewis,  Tex 

do 

Mav  20 

do 

do 

do 

1807. 
Dec  21 

Colorado  River 

do 

do 

Dec  2S 

do.. 

do 

Dec.  23 
Dec  24 

do 

do 

do 

do 

do 

do...  

Dec  25 

do 

do 

....do 

do 

Dec.  28 

do 

do 

1 

1806. 
Jan.     5 
Jan.     6 
Jan       7 

do 

do 

do 

a2S6 

do 

do 

do 1 

a280 

a233 

a234 

297 

386 

382 

1,080 

1,087 

876 

311 

581 

do 

do 

.. do r        

i  Jan.  13 

do 

....  do 

do 

do 

Jan.  2S 

do 

....  do 

1.80 
2.00 
2.00 
2.71 
2.71 
2.52 
1.90 
2.38 
1.96 
1.95 

Feb.  14 

do 

do 

do 

Do. 

do 

do 

do 

Feb.  17 

do 

do 

do 

Feb.  It* 

do 

do 

do 

Feb.  19 

do 

do 

do 

Kar.    8 

do 

do 

do 

Apr.  28 
8myt.l6 

do 

do 

do 

do 

do 

do 

rS^  16 

do 

do 

do 

343 
a298 
a296 

350 

44 

1,966 
1,802 

Dec  21 

do 

do 

....  do 

Dec.  22 

do 

do 

do  - ... 

Har.  12 

Onadalnpe  River . . 
do 

New    Brannfels, 

Tex. 
do 

....do 

2.00 

1.90 
3.27 
3.23 
5.25 
1.86 
1.48 
7.70 
7.50 

i.m 

7.00 

4.70 
4.60 
5.00 

8.80 

4.30 

Dec  20 

do 

Apr.  14 
May  18 

Rio  Grande 

Del  Norte, Colo.... 
do 

P.  E.  Harronn 

do 

do 

JoiieSS 

do 

do 

do 

6,181 

Aus.  25 

do 

do 

do 

521 

Oct.   28 

do :.:..: 

do 

do 

244 

S<^pt.  18 

do 

Embado,  N.  Mez . . 
do 

do 

do 

271 

265 

284 

2,671 

269 

258 

:W8 

2,943 
46 

Oct.     6 

do 

Oct.   28 

do 

do 

May  19 

do 

Rio  Grande,  N 

Mex. 
do 

do 

Sept.  17 

do 

do 

Oct.     7 

do 

do 

do 

Oct.  29 

do 

do 

do 

do 

do 

May  16 

San  Marcial,  N. 

Mex. 
do 

do 

_ 

Sept.  16 

do 

a  Gaging  made  in  tailrace  at  dam. 


/ 
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DESCRIPTION  OF  RIVER  STATIONS. 

station  on  Black  Fork, — Described  on  page  134  of  Paper 
suits  for  1897  given  on  pages  391-393  of  the  Nineteenth 
jport,  Part  IV. 

'er  station  on    Green  River, — Described  on  page  135  of 
16;  I'esults  for  1897  shown  on  pages  394-396  of  the  Nine- 
lual  Report,  Part  IV. 

jtion  on  Green  River, — Described  on  page  136  of  Paper  No. 
for  1897  given  on  pages  39f>-398  of  the  Nineteenth  Annual 
irt  IV. 

^unction  station  on  Grand  River, — Described  on  page  137 
\o,  16;  results  for  1897  given  on  pages  399-401  of  the  Nine- 
lual  Report,  Part  IV. 

wford  station  on  Uncompahgre  River, — Described  on  page 
er  No.  16;  results  for  1897  given  on  pages  402-404  of  the 
I  Annual  Report,  Part  IV. 

'unction  station  on  Gunnison  River, — Described  on  page 
erNo.  16;  results  for  1897  given  on  pages  404-406  of  the 
I  Annual  Report,  Part  IV. 

:  station  on  San  Migxiel  River, — Described  on  page  142 
o.  16;  results  for  1897  given  on  pages  406-407  of  the  Nine- 
lual  Report,  Part  IV. 

station  on  Mancos  River, — This  station  is  located  at  about 
of  the  town  of  Mancos,  Colorado,  100  feet  below  a  wagon 
)ss  the  river,  and  was  established  April  9,  1898.  The  gage 
a  vertical  2  by  4  inch  by  12  foot  timber,  marked  in  tenths, 
ired  and  spiked  to  a  Cottonwood  tree  on  left  bank  of 
asurements  are  usually  made  by  wading,  but  the  wagon 
•  be  used  at  high  water,  the  initial  point  being  on  the  left 
banks  are  not  liable  to  overflow.  The  channel  is  in 
is  not  liable  to  much  change.  The  channel  is  straight  for 
ove  and  300  feet  below.  The  location  of  the  station  is  such 
scharge  is  practically  the  amount  lost  to  irrigation,  most  of 
J  being  taken  out  above.  The  observer  is  Mrs.  K.  D. 
o  lives  about  200  feet  from  the  gage. 

station  on  Dolores  River. — Described  on  page  143  of  Paper 
suits  for  1897  given  on  j)ages  407-409  of  the  Nineteenth 
port.  Part  IV. 

station  on  San  Juan  River, — Described  on  page  144  of 
16 ;  results  for  1 897  given  on  pages  409-410  of  the  Nineteenth 
port.  Part  IV.  The  footbridge  was  washed  out  in  August, 
er  is  J.  D.  Lister.  j-**; 

station  on  Piedra  River, — oescribed  on  page  145  of  Paper 
lults  for  1897  given  on  pages  411-413  oi  Wi^  ^\TL^\fe^TL>2tL 
port,  Part  IV,     "Fhe  observer  is  J.  D.  lAftlftT. 


OPEltATlUNS  AT  EI\ER   STATIONS,  1898. — PART    U. 


Riivr. — Deecnbed  on  page  146  of  PajR 
1  on  pages  ■114-4:15  of  the   Ninete 
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Jhirangn  atniion  on  Amrt\ 
No.  16;  results  for  1H!)7  gi 
Annual  Report,  Part  IV. 

Qiwen  Creek  sttithtt-  on  Queen  Creek. — Described  on  page  -117 
Nineteenth  Annual  Report,  Part  IV.  Observations  were  not 
until  July  1,  1898.  It  is  reported  that  there  was  water  in  the 
earlier  in  the  year,  probably  in  January  or  February,  but  the  qi 
tity  was  not  notably  large.  From  that  time  the  bort  was  dry 
August,!^,  and  again  dry  fromSepteniberi  to  December  17;  on  Di 
ber  IS  a  discharge  of  20  serond-feet  was  reported,  and  the  creek  w« 
a^ain  diy  from  I>eceraber  19  to  31.  From  July  1  to  September  10  tin 
observer  was  John  Green.  His  record  is  given  below  showing  date, 
height  of  water,  and  area  of  cross  section  computed  by  Mr,  ('yrus  (.'. 
Babb,  by  using  the  ci-ose  section  made  by  Mr.  Allwrt  T.  ('oltonon 
July  !5,  189a 


r 


HHghtofu 

xiter  and  art 

tt  of  cniai  nn-f 

or,  of  Queen 

■m*. 

Dtm. 

^t.     ^ 

„„..,^,„ 

«      _, 

Wwt^    Sq./M. 

"to 

% 

The  flood  of  August  31  modified  the  channel  of  the  creek  to  a  con- 
siderable extent.  The  area  of  cross  section  since  that  time  lias  been 
computed  from  measurements  made  December  27,  1898.  On  Novem- 
ber 16  Mr.  Babb  extended  the  rod,  lowering  the  zero  by  3  feet  and 
changing  the  records  made  before  that  time  to  accord  with  the  new- 
datum.  On  the  same  day  a  sloping  rod  referred  to  the  same  datum 
was  placed  431  feet  upstream  from  the  main  gage.  The  creek  was  dry 
from  September  10  until  December  16,  The  olwerver,  W.  E.  Holmao, 
reported  that  water  appeared  at  Hewitt's  ranch  on  the  morning  of 
December  17,  the  quantity  being  about  10  second-feet  and  somewhat 
more  at  night.  This  water  reached  a  tank  400  feet  above  the  upper 
rod  or  approximately  2  miles  below  Hewitt's  at  3  p.  m.  December  17; 
on  December  18,  at  da.  m.,  and  again  at  4  p.  m.  the  lower  gage  read 
2.0  feet  and  the  upper  g^e  6.0  feet;  the  creek  was  then  25  feet  wide 
and  the  discharge  about  20  second-feet.  On  December  18  the  ci'eek 
at  the  gages  was  again  dry.  Ba{-  several  days  thereafter  there  was  a 
slight  flow  at  Hewitt's,  but  thi8Q|i|I  not  reach  the  gages,  being  abaorbed 
in  the  sandy  channel.  From  the  facts  available  Mr.  Babb  has  roughly 
estimated  that  the  discharge  for  the  creek  for  the  year  1898  was  6,00W 
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■ere-feet,  not  taking  into  account  the  quantity  which  may  have  flowed 
Soring  the  early  part  of  the  year. 

Buttes  station  on  the  Qila  River, — Described  on  page  147  of  Paper 
Ko.  16;  results  for  1897  given  on  pages  415-417  of  the  Nineteenth 
Annual  Rei)ort,  Part  IV.  The  bench  mark  described  in  the  Annual 
Report  for  1897,  consisting  of  an  X  chiseled  in  the  face  of  the  rock, 
has  been  destroyed  and  a  new  one  established.  This  is  on  a  ledge  of 
lock  69.4  feet  east  of  south  cable  anchor  and  4.4  feet  above  ground. 
Its  elevation  is  1,608.45  feet  above  sea  level.  The  zero  of  the  gage  is 
1,583  feet  or  25.45  feet  below  this  bench  mark.  Occasional  measure- 
ments, as  shown  on  page  142,  have  been  made,  but  systematic  obser- 
vations could  not  be  had  until  November  25,  1898.  Since  that  date 
computations  of  daily  discharge  have  been  made. 

McDowell  station  on  Salt  River, — Described  on  page  148  of  Paper 
Ho.  16;  results  for  1897  given  on  pages  418-420  of  the  Nineteenth 
Annual  Report,  Part  IV. 

McDoiveH  staiion  on  Verde  River, — Described  on  page  150  of  Paper 
Ko.  16;  results  for  1897  given  on  pages  420-423  of  the  Nineteenth 
-Annual  Report,  Part  IV.  No  constant  relation  between  gage  height 
•nd  discharge  being  discoverable,  no  rating  table  was  constructed,  the 
daily  mean  discharges  being  obtained  by  approximation. 

Yuma  station  on  Colorado  River, — ^Described  on  page  151  of  Paper 
^'o.  16. 

TABLES   OF   DAILY   GAGE   HEIGHT. 


-Da%  gage  height ^  in  feet,  of  Black  Fork  at  Granger ^  Wyoming,  for  1898, 


T-^^ 


I 

\ 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

i::::::::;::: 

1.10 

2.35 

2.fi0 

3 

8.10 

4 

2.80 

5 

1.00 

2.60 

2.10 

6 

1.90 

7 

1.10 

2.00 

8 

2.00 

9 

2.60 

10 

2.96 

11 

2.70 

tt 

1.00 

2.00 

2.80 

13 

2.66 

14 

2.60 

15 

1.10 

2.60 

16 

2.70 

17 

2.80 

18 

2.96 

19 

2.00 

1.90 

3.00 

8) 

2.70 

tl 

2.60 

9 



1.10 

...... . 

2.96 

23 

2.90 

tt 

•••••••     —           ~  ~ 

1 

2.50 

« 

2.86 

% 

1.90 

1.60 

2.86 

t: 

2.80 

9 

•  •••••" ~i         ~ 

H.15 

a 

1.10 

. 

3.10 

ao 

8.00 

a i 

2.10 

1        1 

2.80 
2.65 
2.50 
2.25 
2.20 
2.15 
2.20 
2.25 
2.36 
2.20 
2.25 
2.45 
2.65 
3.00 
8.05 
2.96 
2.96 
8.40 
3.05 
3.00 
2.65 
2.40 
2.25 
2.66 
2.90 
3.00 
3.00 
2.95 
3.00 
2.96 
2.76 


2.80 
2.85 
3.00 
2.86 
2.75 
2.65 
2.60 
2.35 
2.40 
2.36 
2.40 
2.45 
2.50 
2.80 
3.05 
90 
95 
35 
25 
2.95 
2.90 
2.95 
2.75 
8.10 
3. 10 
2.60 
2.20 
2.06 
2.00 
1.90 


1.65 
1.65 
1.40 
1.30 
1.25 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1. 10 
1.00 

.90 

.80 

.70 

.60 

.50 

.50 

.60 

.50  I 

.45  ; 

.40  ' 
.40  ! 
.40; 
.30  , 

.a) ! 

.20 
.20 


0.20 
.15 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.00 
.00 
.00 
.00 
.00 
.25 
.60 
.40 
.3f) 
.30 
.10 
.10 
.00 
.00 
.00 
.00 
.00 
.00 

in) 


Oct 

Nov. 

Doc. 

0.30 

0.00 

.30 

.00 

.10 

.00 

.10 

.00 

.10 

.05 

.00 

O.oO 

.10 

.00 

.10 

.00 

.10 

.00 

.10 

.00 

.10 

.00 

.20 

.20 

.30 

.00 

.20 

.00 

.30 

.00 

.50 

.20 

.00 

.20 

.00 

.40 

.00 

.30 

.20 

.30 

.00 

.30 

.00 

.30 

.00 

.30 

.00 

.60 

.20 

.00 

.30 

.00 

.20 

.50 

.30 
.2.) 
.20 
.20 
.30 



.60 

IRB  28- 


a  Angnst  31  to  October  2,  water  standing  in  pooU. 
-3 


134  OPERATIONS   AT   RIVER   STATIONS,  18»8. — PART   II. 


Daily  ffoge  height,  in  feet,  of  Green  River  at  Greenriver,  Wyoming,  far  I 


Day. 

Apr. 

May. 

June. 

'  July. 

Aug. 

Sept. 

Oct. 

Nov. 

I 

1 

1.20 
1.26 
1.35 
1.47 
1.53 
1.43 
1.27 
1.45 
1.45 
1.56 
1.60 
2.10 
2.98 
8.13 
2.95 
2.83 
3.00 
3.23 
8.08 
2.78 
2.66 
2.48 
2.35 
2.45 
2.35 
2.85 
2.88 
2.48 
2.60 
2.63 

2.60 
2.58 
8.63 
2.50 
2.45 
2.40 
2.83 
2.28 
2.13 
2.23 
2.28 
2.86 
2.43 
2.68 
2.85 
2.93 
2.95 
2.95 
8.06 
.    3.00 
2.98 
2.78 
2.60 
2.65 
2.85 
8.43 
8.60 
3.50 
8.68 
8.70 
3.66 

3.65 
8.48 
8.28 
8.30 
3.40 
3.83 
3.23 
8.]3 
8.03 
2.96 
8.00 
8.08 
8.20 
8.50 
3.85 
4.05 
4.23 
4.33 
4.45 
4.63 
4.68 
4.75 
4.83 
4.90 
4.98 
5.15 
6.23 
4.88 
4.63 
4.25 

4.00 
8.85 
8.68 
a60 
8.43 
8.88 
3.38 
3.23 
3.13 
8.10 
3.10 
3.13 
3.20 
3.25 
3.23 
3.15 
8.10 
3.05 
2.98 
2.88 
2.65 
2.45 
2.33 
2.30 
2.80 
2.25 
2.23 
2.2t) 
2.15 
2.08 
2.08 

2.00 
1.95 
1.93 
1.83 
1.75 
1.75 
1.78 
1.78 
1.75 
1.70 
1.65 
1.63 
1.58 
1.55 
1.60 
1.65 
1.65 
1.60 
1.55 
1.55 
1.55 
1.50 
1.48 
1.38 
1.33 
1.25 
1.20 
1.15 
1.13 
1.38 
1.45 

1.46 

1.40 

1.43 

1.45 

1.40 

1.38 

1.33 

1.25 

1.23 

1.18 

1.15 

1.10 

1.10 

1.05 

1.05 

1.06 

1.00 

1.00 

.96 

.95 

.90 

.90 

.86 

.83 

.80 

.80 

.80 

'  .80  ' 

.76 

.75 

0.78 
.80 
.86 
.85 
.90 
.90 
.85 
.85 
.85 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.85 
.85 
.85 
.85 
.85 
.85 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 

0.80 

2 

8 

.80  '.-. 

4 

t 

5 

.80   ... 

6 

.80 ;... 

7 

.80  i... 

8 

.80     - 

9 

.80 

.70 

.75 

1.50 

1.40 

1.20 

1.00 

.90 

10 

1 

11 

12 

18 

14 

16 

1 

16 

1 

17 

.60    ... 

18 

.80     - 

19 

.90 
.90 
.90 
.85 
.80 
.80 
.80 
.85 

1 

20 

21 

22 

23 

24 

26 

28 

27 

28 

29 

30 

31 

.'."'.'.'.'.    i 



Daily  gage  lieight,  in  feet,  of  Green  Rii^r  at  Blake.  Utah,  for  1S98, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

1 
May. ' 

Jnne. 

July. 

Aug. 

Sept.  '  Oct. 

Nov.      D 

1 

i.a5 

4.10 

4.00 

3. 30 

6.30  ' 

6.  (M 

7.(X5 

3.  95 

3.15     l..')0 

3.00       1 

•> 

#v    ...... 

l.-K) 

4.(X) 

4.10 

3.10 

6.:3<J 

6.  70 

6.90 

3. 90 

'Z.'ZS     \A¥) 

3.  lf»       1 

W 

\.H) 

.3.90 

4.15 

3.(X> 

6.30 

6.8.') 

6.  75 

3.  SO 

'Zr:.'^     1.60 

2. (»)       1 

4 

1.75 

4.00 

4.3;-) 

3.00 

6.:30 

7.00 

•).  .55 

3.70 

3.40     l.tM) 

3. 30       1 

5 

1.95 

4.10 

4.30 

3.95 

6. 30 

(K90 

6.30 

3.  a') 

3.70     1.70 

3. 10       1 

1      0 

3.40 

4.00 

4.20 

3.90 

6.*)  1 

6.80 

5. 80 

3. 55 

3.60     1.70 

3.00       1 

< 

3.70 

4.0<) 

4.10 

3.00 

6.30 

6.70 

5.40 

3.50 

3.:30     1.70 

3. 10  !     1 

8 

3. 00 

4.10 

4.05 

3.10 

6.  (50 

6.  (V) 

5. 15 

3.50 

3.a»  1  1.70 

3.00  '     1 

9 

3.25 

.3.  tt) 

3.  })5 

3.30 

6.30 

6.6<» 

5. 05 

3.40 

':t.'2:^    1.70 

3. 10       1 

10 

3.45 

4.00 

3. 85 

3.*) 

6.:30  1 

6.40 

5. 00 

3.40 

3.2.5     1.80 

3.00       1 

11 

3.70 

3.  ft5 

3.6:5 

3.  45 

6.30 

6.  a) 

.5.30 

3.  40 

3.4<)     1.80 

3. 10       1 

12 

3.80 

3. 75 

3.45 

3.70 

6.:i0 

6.  a") 

5.10 

3.40 

3.:»     1.80 

3. 10       1 

13 

4.00 

3. 65 

3.35 

.  4. 10 

6.10 

6. 45 

5. 00 

3. 40 

3.3<»     1.90 

3. 10       1 

14 

3.90 

3. 55 

3.31) 

4.45 

6.  .'{O 

6. 5.') 

5. 10 

3.40 

3.30  1  1.90 

3.(t5       1 

15 

4.00 

3.(5<) 

3.30 

4.»» 

6.») 

6. 6.J 

5. 00 

3.40 

3.10  1  l.SX) 

1.;*)       1 

16 

4.10 

3.  70 

3.15 

4.90 

6.40 

(i.  75 

4.90 

3,40 

2.10     1.90 

l.:»      1 

17 

3.95 

3.H» 

3.10 

5.35 

6.50 

6.80 

5. 00 

3.4f» 

3.00     1.9() 

1.40       1 

1« 

3.95 

3. 60 

3.05 

5. 45 

6.40 

6.90 

4.8.') 

3.40 

3.0f»     l.9«> 

l.:30      1 

19 

4.10 

3.  71) 

3.00 

5.6.5 

6.») 

6. 95 

4.  .5;') 

3.4J) 

3.00  '  l.SK) 

1.30       1 

20 

4.(M) 

3  70 

3.00 

5.  a5 

(i:^» 

7.00 

4.  40 

3.5(t 

3.00  ;  l.fXl 

l.:jo      1 

31 

3.  IM) 

3.70 

3.00 

6.05 

6.30 

7.10 

4.:» 

3.4^1 

1.90     l.W) 

1.30       1 

22 

4.  (JO 

3. 80 

3.00 

6.30 

6.:«  1 

7.30 

4.3() 

3. 40 

1.90     3.00 

1.30;     1 

23 

4.(15 

3.  m 

3.00 

6.30 

6.4i»  1 

7.35 

4.10 

3.  4'! 

1.8.5     3.(«) 

1.30       1 

24 

4.(>0 

3.91) 

3. 00 

6.35 

6.  a') 

7.W) 

4.00 

3.40 

l.S(»  !  3.00 

1.30       1 

35 

4. 10 

3. 90 

3.00 

(i.  15 

6.a"> 

7.90 

3.90 

3.  40 

1.75     3.00 

1.30       1 

3») 

3.95 

3. 90 

3.00 

O.ik") 

6.44> 

7.75 

3.  SO 

3.4^) 

1.70     2.(r) 

i.a)     1 

37 

3.95 

3.90 

3. 05 

5.90 

6.  a) 

7.55 

3.70 

3.aj 

1.5.5     3.0) 

1.3i)       1. 

38 

4. 10 

4.00 

3.a5 

6. 00 

6.  40 

7.50 

a  50 

3.a» 

1.40     3.00 

1.4^1       1 

31) 

3. 95 



3.5<) 

6. 10 

6,40  , 

7.40 

3. 3.') 

3.  :{0 

1.40     2.00 

l.-'/i       1 

:tt) 

4.(N) 

3. 40 

6.30 

6.45 

7.aj 

a  15 

3.;Jo 

1.45     3.00 

1.50       1. 

:n 

4.00 

3.:jo 

r».  ;V)  1 

3.0.5 

3.30 

2. <«» 

COLORADO  SIVEB   DKAIXAGS. 


f  height,  in  feet,  of  Grand  River,  left  ekanmeL 

tion.  Cobiradfj,  for  li&i. 


nd  3?Jw  •.  ^  <? 


Jan.    Feb. 

aur 

Apr 

ytAT 

j«». 

Jaiy 

A-* 

^ 

.»- 

Ti* 

:«. 

..     4.00  

4L<lt 

3^45 

3^9' 

S.9) 
15* 
SL5f 
3.9) 
il') 
3.S 
S.45 

4.5& 

4  «:» 

4..K 
4..»» 
4.5/ 
4.5> 
4.5* 
4.  £ 
3.»- 

4.5:' 

4.% 
7   6 

7  5i 
7  •• 

7  7». 
7  ?. 
7  <•' 

7  7!) 
7  W 
?  .*» 
•4tt 

•  S 
7  » 
7  ••» 
7  Hi 
7  < 
7.«» 
7. 71 
7.« 

15 

7  ..> 
7  « 
*-1.3 

•  •! 
•.  *' 
*•» 

•  43 

•  :o 

•  Li 

•  L3 

7  »; 
745 
7  «• 

7  i. 

4« 

4.15 
4.« 
4.3 

4.'«l 
173 
3.4H 

la 

3.M 
3.4H 
&« 
3.« 
IJI 
14S 
3.3 
3.4P 
3.« 
3.13 
41K 
49 
4« 
4tf 
4« 
49i 
4Li 
4  ft 
4'» 
4-» 
I  « 
1  * 

»  «< 

1« 
l» 
1» 

a« 
la 
i« 
i» 
la 
i« 
i«i 

IK 

in 

L-V 

LK 
4.51 
191 
L9t 

15. 
L5> 
151 
L5» 
151 
19 
LV 
L«< 
L  » 
15 
i  5. 
19 
19 

1.9 
I  V 
1» 
IV 
1» 
I.* 
i  P 

xa 

19 
19 
1.9 

19 
19 

1  9 
19 

1  9 
1.9 
L9 
I  J 
IJI 
I.  .•• 
I  j 

\.y. 
\  ji 
1  'J 
1  j; 

1  j> 

I  K 

I  ■ 

L  • 
L  « 
L  « 
i  M 

I  m 

V  • 
!■ 

V  m 
I'ji 

L9 
19 
L9 
1. -1 

I  j» 
I  9 
I  ■ 

1.  » 
L» 

\.% 

\  ■ 
L  » 

I  » 
1.  » 
I  V 

;  V 

i  » 

t  » 
;  * 

I  V 

1  » 

1  » 

Lft 
LK 
L9 

in 

19 

I  9 
19 
I  • 
i  B 

1.9 

1  9 
1  9 

tJi 

1  J. 

;  i» 

L'Ji 

19 
1  9 
1  9 
1  » 
l«: 
1  •• 
1  « 
I  » 
1  » 
:  K 
1  » 

I  9 

L«i 

3.ir* 

l# 

; 

I.  » 

1 

<    4  40  ■ 

-.1 

3.9r> 

. *«•*•« 

L  Jt 

..     4.T0    

1 

4  1*.> 

1  ft 

..'    4.10   

1 

a  SI 

I  » 

1 

..     4.30  i 

4.*J 

I  p 

W  "i'.io  'i'.H}' 

"a  70 

-   

L  ji 

...    110  

hi*' 

I  9 

..     4.fO     3  "ii 

"i"^} 

h  I" 

• 

4  5> 

ft  n 

■ 

V  height,  in  ftrft. «»/  Gmwi  Riror.  righ:  ^Mna^t. 


-•X  _. 


"^  »«i  *   »  !••- 


May. 

Jane. 

II 

■ 

• 

•• 

it.' 

1*7 

3C*7 

.-.=. 

-"-7 

p 

J" 

5 

4 

•  * 

0  ?) 

'      l.^^ 

'      1.40 

1.35 

.95 

.90 

*5 

.40 

.70 

12...- 

■  « 
7» 

L« 

L» 

2  « 

Lii 

LK 

111 

•  -  *  • 

a.... 

9.... 

9  ].' 

9 
V 

*.1 

14.... 

\* 

17.]!." 

i*.... 







. 

. . . . 



5-... 
SI.... 

— __-  . 



•>  X 

||S4  OPEEiTIONS  AT  BIVEE  STATIONS,  1898. — PAST  11.    ^ 

Sailj/gagehei^i.infeet.ofOreeHRitxratOreenrifer.  Wyoming, form 


Sept.      Oct.    I  Hot. 


Daily  gage  height,  in  feel,  of  Grerii  Riwr  t%t  filoJM.  Utah,  for  IS^. 


COLORADO  BIVEB  DBAINAOE. 
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«  height,  in  feet,  of  Orand  River,  left  channel,  rod  No.  S,  at  Orand  Junc- 
tion, Colorado,  for  1898, 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

4.00 

6.05 
5.80 
5.45 
5.30 
5.30 
5.30 
5.20 
5.20 
5.20 
5.10 
5.26 
5.66 
6  85 
6.25 
6.45 
6.35 
6.80 
6.20 
6.20 
6.20 
6.05 
5.90 
5.86 
6.20 
6.65 
7.06 
7.20 
7.40 
7.70 
7.70 
7.60 

7.70 
7.90 
8.30 
8.60 
8.35 
7.96 
7.80 
7.90 
7.86 
7.60 
7.70 
7.86 
7.76 
7.75 
7.85 
8.15 
8.40 
8.60 
8.60 
8.45 
8.85 
8.10 
8.15 
8.15 
7.90 
7.65 
7.40 
7.10 
6.86 
6.65 

6.45 
6.40 
6.25 
6.00 
5.75 
5.60 
5.60 
5.40 
5.40 
5.40 
5.30 
5.30 
5.45 
5.75 
5.60 
5.85 
5.15 
4.95 
4.80 
4.65 
4.45 
4.40 
4.20 
4.15 
4.05 
4.00 
4.00 
3.85 
3.80 
3.70 
3.60 

• 

3.60 
3.50 
3.50 
8.40 
3.80 
3.80 
3.80 
3.80 
3.30 
3.40 
3.35 
3.30 
3.30 
3.80 
3.30 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.80 
3.40 
3.30 
3.20 
3.20 
3.20 
a30 

3.30 
3.30 
3.30 
3.80 
8.30 
3.30 
3.30 
8.25 
8.20 
3.20 
3.20 
3.20 
3.20 
320 
a20 
3.20 
3.20 
3.20 
3.15 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.05 
3.00 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.10 
3.20 
3.20 
3.20 
3.15 
3.10 
3.20 
3.30 
3.30 
3.30 
3.30 
3.  HO 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 

3.30 
3.80 
3.30 
3.80 
3.80 
3.30 
8.30 
3.80 
3.30 
3.30 
3.20 
3.20 
3.20 
3.10 
3.10 
3.10 
3.10 
8.20 
8.20 
3.20 
3.30 
3.40 
3.40 
3.80 
3.80 
3.30 
3.30 
3.80 
8.30 
3.40 

3.40 
8.40 
3.80 

"8."i6" 

"z'w" 

"8.'66" 

"z'ijd" 
*"8.'i6 ' 

*'3."26'" 

"*3."i(V" 
"i'M" 

3.60 

"  • .... • 

•  • 

4.40 

8.90 



4.70 



4.10 

\ 

.. 

4.10 

8.80 

4.20 

4.60 

-- 

4.10 

4.50 

3.70 

..     4-10 

5.10 

5.10 

•  - 

4.00 

3.80 

3.80 

"\-- 

1 

..'     ... 

\ 

6.30 

i 

1 

1 

e  height,  in  feet ^  of  Grand  River,  right  channel,  rod  No,  i,  at  Orand  June- 

tion,  Colorado,  for  1898, 


r 

May.     Jnne. 

July. 

Day. 

May. 

1 
June.     Jnly. 

'  Day. 

1 

May. 

Jnne.     July. 

i 

1 

0.70 

0.00 
.00 

12.... 

0.85 

.75 

.75 

.86 

1.16 

1.40 

1.60 

1.00 

1.45 

1.36 

28.... 
24.... 
25...- 
28.... 
27.... 
28.... 
20.... 
30.... 
31.... 

0.00 
.00 
.00 
.10 
.21) 
.40 
.70 
.70 
.60 

1.15  I 

1.15  1 

.90 ; 1 

.90 

1.30 

1.60 

1.36 

.95 

.80 

.90 

.85 

.60 

.70 

13.... 

14-... 

15.... 

.65 
.30 
.00 
.00 
.00 
.00 

•  •>>•••  • 

16.... 

17.... 

18.... 

19.... 

20.... 

21.... 

MRW  •  •  •  • 

0.00 

1.15 

. 

13fcl  OPBBATIOSS   AT   BIVER   STATIONS,  1898. ^PABT   IL         l!ml 

Dnily  •/tig.f  lu^yht,  in  /w«.  <•/  L'nntmjMhgrt  River  at  Fort  Crauford,  ColorM 


t,  of  L  ni'iimpahgrt  R 

for  /*■••«. 


Apr.     Ukj.     Jane.     Jnl<r. 


H  a. 

SB  %. 

Hi  3. 

w  a. 

90  3. 

«s  a. 

%  a. 

86  a. 

8S  i. 

§0  a, 

u  s. 

K  8. 

08  3. 

DG  a. 

a,  a, 

IS  a. 

W  t. 

ai  t. 

»  t, 

OG  t. 

on  t. 

w  1. 

«fi  4. 


Appraiiuiuled  Irinn  AagLUt  4  to  Angast  U  nud  trom  SftptoDtber  U  to  October  8.  Inclitl'*' 

DaUy  gagr-  h^ht,  in  ftft,  of  Gnnnvion  Bivrr  at  Orand  Juneliati,  Colorado,}!. 


:w 

.so 

l.EO 

Wl 

"wi 

a) 

COLORADO   RITEB   DEAINAOB. 
tQt  height,  in  ftet,  of  San  Miguel  River  at  FaUcrtek, 
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3.W  I      S.M 


gage  height,  in  feei,  of  Mancog  River  at  Maneoi,  Colorado,  for  1S9S. 


KvT. '  M.r 

!r. 

July.' 
1  Art! 

Aug.    S 

l.ad 

p.. 

D.r. 

Apr.   Mar 

jQiie|julT.  Aag. 

SepL 

i.Sb 

17 

■trt 

.1» 

in 

m 

:::::  ^ ::: 

■r. 

18 

1 

i 

\& 

s 

Hi 

1;;, 

in 

a 

■s 

iS 

ffi 

u 

'■" 

1 
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INTERIOR  BA8IK  DRAINAGK. 

DESCRIPTION   OP   RIVER   STATIONS. 

station  on  North  Fork  of  Humboldt  River. — This  station  is  at 
tral  Pacific  Railroad  bridge,  aboat  2  miles  west  of  Peko  sta- 
evada.  It  was  established  by  Mr.  L.  H.  Taylor,  March  26, 
The  observer  is  James  Conrtney,  post-office,  Halleck,  iNevada. 
;e  consists  of  a  vertical  timber,  divided  to  feet  and  tenths, 
to  the  pile  support  of  the  railroad  bridge.  The  bench  marlc  is 
itone  abutment  on  the  east  end  of  the  bridge  on  the  left  bank 
itream,  12  feet  above  the  zero  of  the  gage.  The  initial  point 
idings  is  on  the  left  bank,  at  the  bench  mark.  The  channel 
nd  below  the  station  is  curved  and  the  water  is  moderately  swift. 

side  channel  enters  immediately  above  the  bridge  and  another 
1  takes  water  from  the  main  stream  at  a  still  higher  point  dur- 
i  stages,  but  during  medium  and  low  water  it  is  dry.  Meas- 
ta  are  made  from  the  upper  side  of  the  bridge.  The  bed  of  the 
is  of  sand  and  gravel,  shifting  somewhat  during  high  water. 

staiion  on  Humboldt  River. — Described  on  page  162  of  Paper 
;  results  for  1897  given  on  p^es  424-426  ot  ftvfe  "SSrwSftfiio.'CQ. 
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D.r. 

Jun.  j  Fal,. 

U>r. 

Apr. 

M.T. 

June-  Joly.  1  A 

,1s. 

pt.  1  Oct.  i  S 

H- 

HI 

*1 

im 

11. 

a.a     1 

711       1 

00    aaola 

aao  1  U.10  1 

uu 

...| 

DaUff  gage  height,  in  feet,  of  Humboldt  River  at  Oreana,  Nevada,  for  1S9S. 


D.J-. 

Jul 

Feb. 

»-f 

pr.  H 

■7. 

June. 

D.T. 

Jan. 

Feb. 

M„.]Apr.j««r. 

Jo». 

^ 

J-  -- 

H 

[[ 

J* 

i!?l 

" 

11, 

.Ml 

D«r. 

.Ian.  1  Feb.     K 

tar- 

Apr. 

M-y- 

Jun.. 

.Julj-.  1  A 

Ll(t.     Stpt.     0 

ict.JN 

■ 

Dec. 

J 

(LM 

m 

in 

41     n 

an   n 

40     n 

i« 

U«l 

s  

.SO 

S7^ 

.M 

I 


ISTEBIOB   BABIN  DRAINAOE.  149 

SbOi  gage  heif^t,  in  feet,  of  South  fbrk  of  BtanMdt  Siver  at  Maiotu  SawA, 
Nevada,  for  iS9S—Coatiim»A. 
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Dailg  gage  height,  in  feet,  of  Provo  Hiver  at  Provo,  ViiUi.for 


Uar.  Uone.    Jnlr 


Daily  gage  height,  in  feet,  of  Utah  Lak«al  Geneva,  Utah,  for  L 


D.I. 

Jim. 

Feb. 

Mar. 

Apr. 

Uair. 

Jnne. 

Jaly. 

*" 

Sept. 

Oct 

Nov. 

Dtn. 

i.to 

1,« 

Xm 

a  GO 

■"j» 

1.00 

O.JS 

1.00 

l.W 

l.*5 

u,at 

0.B 

.75 

I.U 

■i.w 

I.TO 
'1-85 

t.VU 
"2.10 

1.00 

...... 

1.06 

T« 

...... 

o.» 

.75 

.H 

1.10 

1.85 

ISO 

1.50 

1.70 

"n 

■■■;»■ 

1.15 

1.10 

.'  »" 

l.HI 

.a 

.70 

.3D 



HUP 

"i.M 

i.au 

l.*B 

i.ro 

■■.«■ 

■'.w 



i.sa 

Lis 

;S 

I.» 

1.* 

.4fi 

,7B 

l,«l 

1.76 

l.W 

l.« 

.K 

"i.'io" 

l.M 

l.SG 

1.10 

l«( 

l.a 

i.au 

-W 

.70 

1.3B 

1.U 

L« 

1,90 

1.30 

.TO 

.U 

"i.io" 

"i'K 
am 

I.W 

.50 
.50 

.50 

i.» 

i.ih 

l.» 

...;??. 

"M 

.76 

.«> 

1.80 

"i.-io" 

...... 

"".if 

:« 

i.to 

K.OD 

1.10 
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List  of  discharge  measurements^  1S9S, 


Strwun. 


!7orth  Fork  of 
Hamboldt  River. 

...do 

...do 

...do 

....do 

anmboldt  Birer . . . 

...do 

do 

do 

...do 

...do 

...do 

...do 

...do 

...do 

.-.-do 

...do 

.—.do 

....do 

...do 

...do 

...do 

do 

3oath  Fork  of 

Humboldt  Rlyer. 

.-.do 

do 

do 

— do 

Sear  Riyer 


...do 

...do 

do 


...do 

do 

...do 

...do 

do 

..do 

LfOflnui  River. 

do 

— do 

do 

...do 

...do 

...do 

...do 

— do 

.—  .do 

.  do 

..do 

tear  River... 

do 

do 

..do 

..do 

do 

..do 

>gden  River . 

...do 

..do 

KTeber  River. 

...do 

...do 

...do 

*rovo  River., 

...do 

...do 


Locality. 


Peko,  Nev 


do 

do 

.....do 

do 

Elko,  Nev 

do 

.....do 

do 

.....do 

.....do 

Gk>lcoiida,  Nev. 
do 


do 

do 

.....do 

do 

do 

Oreana,  Nev 

do 

do 

do 

do 

Masons  Ranch, 
Nev. 

do 

do 

do 

do 

Soda  Springs,  Ida- 
ha 

do 

do 

Battle  Creek,  Ida- 
ho. 

do 

do 

do 

.....do 

.....do 

do 

L(»an,  Utah 

.....do 


do 

do 

....do 

....do 

....do 

do 

.....do 

do 

.....do 

do 

CoUlnston,  Utah 

do 


do 

do 

do 

do 

do 

Ogden,  Utah. 

do 

do 

Uinta,  Utah  . 

do 

do 

do 

Prove,  Utah . 

do 

do 


Hydrographer. 


L.  H.  Taylor. 


.do 
.do 
.do 
.do 
.do. 
.do 
.do 
.do 
.do 
do 
do. 
.do. 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do. 


do 

do 

do 

.....do 

F.  J.  Mills. 


C.C.Babb... 
F.  8.  Shirley 
J.  S.  Baker... 


—do 

do 

do 

do 

do 

do 

do 

.....do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

8.  Fortier. ......... 

J.  L.  Rhead 

do 

J.S.Baker 

J.  L.  Rhead 

do 

do 

J.S.Baker 

do 


.....do 

do 

do 

do 

do 

W.  B.  Dongall 

do......... 

do 


Qage 
height 


Feet. 
2.65 

3.80 
2.90 
1.80 
1.45 
4.08 
2.80 
8.40 
8.60 
2.10 
1.70 
4.20 
2.90 
2.40 
.95 
3.70 
1.50 
0.00 
3.80 
2.85 
1.50 
1.26 
1.41 
1.55 

2.05 

2.80 

.85 

.85 

6.80 

5.00 
5.15 
8.65 

8.40 
2.96 
1.45 
1.88 
1.88 
1.67 
2.75 
2.88 
8.86 
8.85 
8.65 
8.75 
8.75 
8.72 
2.88 
2.85 
2.85 
2.57 
4.18 
8.27 
8.04 
8  06 
1.20 
1.18 
1.85 
2.11 
1.45 
1.45 
2.90 
1.05 
1.05 
1.10 
4.85 
6.20 
8.85 


Dis- 
charge. 


Sec,  -feet. 

129  - 

71 

6 

.3 

423 

140 

271 

810 

44 

1 

488 


162 
24 

841 
70 


324 

198 

43 

21 

38 
159 

275 

813 

62 


.2 


2,049 

290 

519 

8.016 

2,604 

1,997 

593 

508 

539 

673 

229 

281 

474 

475 

652 

690 

728 

668 

283 

204 

210 

155 

4,797 

3,419 

8.186 

2,724 

809 

738 

852 

134 

27 

86 

1,327 

104 

104 

125 

704 

988 

192 


.7 
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COIiUMBIA  RIVER  DRAINAGE, 

DESCRIPTION  OF  RIVER  STATIONS. 

PocateUo  staiion  on  Porineiif  River, — Described  on  page  164  of 
Paper  No.  16.  Discharge  measurements  for  1898  made  by  F.  J.  Mills 
and  Frank  S.  Shirley. 

MarUgoTnery  station  on  Snake  River. — Described  on  page  165  of 
Paper  No.  16;  results  for  1897  given  on  pages  444-448  of  the  Nine- 
teenth Annual  Report,  Part  IV. 

Toponis  station  on  Malad  and  Little  Wood  rivers, — Described  on 
page  165  of  Paper  No.  16;  results  for  1897  given  on  pages  448-449  of 
the  Nineteenth  Annual  Report,  Part  IV.  The  observer  was  Willie 
Hickman.  The  bridge  over  the  Malad  or  Big  Wood  River  has  been 
moved  downstream  one-half  mile. 

Orandview  station  on  Bruneau  River, — Described  on  page  167  of 
Paper  No.  16;  results  for  1897  given  on  pages  450-451  of  the  Nine- 
teenth Annual  Report,  Part  IV.  Data  furnished  by  Andrew  J.  Wiley. 
Baise  staiion  07i  Boise  River, — Described  on  page  168  of  Paper  No.  16 ; 
results  for  1897  given  on  pages  451-454  of  the  Nineteenth  Annual 
Report,  Part  IV. 

Weiser  station  on  Weiser  River. — Described  on  page  171  of  Paper 
No.  16;  results  for  1897  given  on  pages  456-457  of  the  Nineteenth 
Annual  Report,  Part  IV.  Gage  reset  and  bolted  to  a  rock,  August  22, 
byC.  C.  Babb  and  F.  S.  Shirley. 

Hooper  station  on  Pcdouse  River, — Described  on  page  172  of  Paper 
No.  16;  results  for  1897  given  on  pages  458-459  of  the  Ninteenth 
Annual  Report,  Part  IV.  Discharge  measurements  for  1898  were 
made  by  Sydney  Arnold. 

Bonner  station  on  Blackfoot  River, — This  station  is  6  miles  east  of 
Missoula  and  one-half  mile  west  of  Bonner,  on  the  wagon  bridge  across 
Blackfoot  River.  It  was  established  by  Mr.  Cyrus  C.  Babb,  July  7, 
1898.  The  observer  is  John  McCormick,  a  ranchman,  living  near  the 
station.  Observations  are  made  at  about  7  a.  m.  and  6  p.  m.  A  wire 
gage  is  used,  the  length  being  22.90  feet,  and  the  distance  from  the 
zero  mark  on  the  gage  to  the  farther  edge  of  the  pulley  is  2  feet.  The 
bench  mark  is  that  established  by  the  topographers  about  300  j^ards 
above  on  the  Northern  Pacific  Railway  bridge.  This  bench  mark  has 
not  yet  been  connected  with  the  river  gage.  The  initial  point  for 
soundings  is  the  left  end  of  the  plank  rail  on  the  lower  side  of  the 
bridge,  about  15  feet  from  the  water.  The  channel  is  nearly  straight, 
the  right  bank  low,  and  the  left  bank  high  and  rocky.  The  bed  of 
the  stream  shifts  slightly.  The  water  empties  into  Missoula  River 
about  500  yards  below  the  bridge. 

Blackfoot  River  receives  the  water  from  the  portions  of  Missoula  and 
I^eer  Lodge  counties  between  the  watersheds  of  the  Mission  Range  and 
^he  main  range  of  the  Rocky  Mountains.     The  Clearwater  Lakes  near 
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the  head  waters  serve  as  reservoirs,  giving  the  stream  a  relatively  con* 
stant  flow.  The  economic  importance  of  the  river  is  great  on  account 
of  its  rapid  fall,  the  volume  of  water  discharged,  and  its  pnrity.  The 
principal  industrial  applications  are  found  near  the  mouth  of  the 
river,  where  power  can  be  obtained  and  water  used  upon  adjacent  lands 
for  irrigation.  The  measurements,  therefore,  at  Bonner  are  particu- 
larly valuable.  The  conditions  are  favorable  for  accurate  measure- 
ment, except  for  the  fact  that  the  height  of  water  is  influenced  by  a 
dam  of  the  Big  Blackfoot  Milling  Company,  located  about  1,000  yards 
above,  furnishing  water  for  mills  and  electric-power  stations.  The 
opening  and  closing  of  the  flood  gates  of  the  dam  causes  abrupt 
changes  in  the  flow  of  the  stream. 

Missoula  station  on  Bitterroot  River. — This  station  is  on  the  Buck- 
house  wagon  bridge,  on  the  main  road,  6  miles  southwest  of  Missoula. 
It  was  established  by  Mr.  Cyrus  C.  Babb,  and  observations  were  begun 
on  July  6, 1898.  The  observer  is  Joe  Buckhouse,  a  farmer  living  one- 
half  mile  from  the  bridge.  Observations  are  made  at  7  a.  m.  A  wire 
gage  is  used,  with  a  5-pound  sash  weight.  The  length  of  the  gage 
wire  is  22.83  feet,  and  the  pulley  distance — that  is,  the  distance  from 
the  zero  of  the  gage  to  the  outside  edge  of  the  pulley — is  0.50  feet.  A 
bench  mark  has  been  established  by  the  topographers.  This  consists 
of  a  nail  in  the  base  of  the  Northern  Pacific  Railway  sign  crossing, 
120  feet  from  the  west  end  of  the  bridge.  This  nail  is  at  an  elevation 
of  3,127.6  feet  above  sea  level.  It  is  about  20  feet  above  the  floor  of 
the  bridge.  The  initial  point  for  soundings  is  directly  over  the  inside 
edge  of  the  cylindrical  casement  of  the  abutment  of  the  bridge,  on 
the  upper  side  at  the  left  hand  end.  The  channel  is  nearly  straight; 
the  right  bank  low  and  liable  to  overflow,  the  left  bank  high  and 
rocky.  The  bed  of  the  stream  is  of  gravel,  in  which  an  old  pier  of  a 
former  bridge  remains  near  the  center  of  the  stream,  causing  annoy- 
ance in  measurements  when  the  water  is  high.  The  results  obtained  at 
the  Buckhouse  Bridge,  which  is  near  the  mouth  of  the  river,  are  of 
value  mainly  in  giving  the  total  discharge  of  the  stream.  On  account 
of  the  slight  fall  water  can  not  be  diverted  for  irrigation  for  a  distance 
of  2.5  miles  or  more  above  this  locality.  At  a  point  10  miles  above  the 
station  the  river  is  4  feet  lower  than  the  valley  around  Missoula.  The 
total  fall  from  Hamilton  to  Missoula,  a  distance  of  48  miles,  is  about 
350  feet.  The  measurements  have  a  high  degree  of  accuracy  since 
the  stream  is  deep,  the  current  relatively  slow,  and  the  fluctuations 
in  height  are  gradual. 

Missoula  station  on  Missoula  River. — This  station  is  located  at  the 
Iliggins  Avenue  Bridge  in  Missoula,  across  the  river  of  that  name.  It 
was  originally  established  by  Mr.  Cyrus  C^.  I5abb,  and  ol>servations  were 
begun  on  July  10,  1898.  The  observer  is  E.  S.  Newton,  a  carpenter, 
whose  workshop  is  on  the  bank  of  the  river.  Observations  are  made 
/it  7  H.  m.  and  0]).  m.  The  gage  consists  of  two  rods,  one  fastened 
fo  /I  pile,  tlw  other  to  planking  on  one  ot  t\\e  \V\v?y^  v\\  Wv*^  \\v>t\V\  ^ud 
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the  bridge.  The  elevation  of  the  zero  is  3,156  feet  above  sea  level, 
verified  by  the  topographers  of  the  United  States  G^logical  Snr- 
y.  Bench  mark  No.  1  consists  of  a  nail  in  the  top  of  a  10-inch  by 
inch  post  of  the  old  bridge,  2.5  feet  above  ground  and  36  feet  north- 
stward  of  the  rod,  it«  elevation  being  3,170.25  feet  above  sea  level, 
14.25  feet  above  the  zero  of  the  rod.  The  second  bench  mark  con- 
ts  of  a  nail  in  the  piling  of  the  bridge  to  which  the  gage  rod  is 
itened;  it  is  opposite  the  8-foot  mark.  On  August  10  the  gage  on 
)  pile  at  the  north  end  of  the  bridge  was  out  of  water,  and  the  sec- 
1  rod  was  nailed  to  the  pier  of  the  bridge,  about  20  feet  from  the 
St.  All  graduations  on  the  first  rod  and  all  gage-height  readings 
ve  been  changed  to  conform  to  the  second  rod. 
k>undings  and  discharge  measurements  are  taken  from  the  railroad 
idge,  about  a  mile  below.  The  channel  is  nearly  straight,  the  banks 
fh,  and  the  bed  rocky.  During  high  water  the  left  bank  is  flooded 
r  some  distance  above  the  bridge,  and  a  second  stream  crosses  the 
rs  some  400  feet  south  of  the  main  channel  of  the  stream.  The 
itial  point  for  soundings  is  on  the  right  end  of  the  bridge  at  the  edge 
the  abutment. 

Missoula  River  is  one  of  the  most  important  rivers  west  of  the 
x^  Mountains.  Its  drainage  area,  including  that  of  Blackfoot 
iver,  is  5,960  square  miles.  In  its  course  to  the  Columbia  the  stream 
lars  various  names,  being  locally  known  as  the  Hellgate,  the  Mis- 
ula,  and  finally  Clarkes  Fork  of  the  Columbia.  Where  measured  at 
isBOula  the  flow  includes  that  of  the  Hellgate  and  Blackfoot  rivers. 
Iiere  is  a  large  extent  of  arable  land  along  the  river  at  and  below 
iasoula  to  which  water  may  be  brought  from  this  stream.  The 
tpid  fall  will  make  the  river  valuable  as  a  source  of  power  wherever 
litable  dams  can  be  built.  The  slimes  and  tailings  from  the  ore 
mcentrators  at  Butte  and  Anaconda  render  the  water  turbid  and 
nflt  for  drinking: 

It  is  proposed  to  construct  a  dam  across  the  river  2  miles  above 
iifisoula  for  the  diversion  of  water  into  a  large  canal  covering  por- 
ons  of  the  Missoula  and  Grass  valleys,  within  which  are  thousands 
!  acres  of  nearly  level  land  at  present  unproductive  from  lack  of 
ater.  By  the  construction  of  such  a  dam  sufficient  power  can 
robably  be  obtained  to  generate  electricity  for  local  needs.  Meas- 
rements  made  at  Missoula  give  fairly  accurate  results  and  are  of 
»nsiderable  importance  in  discussing  projects  of  this  nature. 
Lakeside  station  on  Lake  Chelan, — A  gage  on  this  lake  was  estab- 
Jhed  by  Capt.  Charles  Johnson  at  the  base  of  the  rock  pier  on  the  lake 
lore  north  of  his  house  and  about  one-half  mile  from  the  steamboat 
ading  at  Lakeside.  This  consists  of  a  timber  2  inches  square  and  8 
et  high,  marked  to  feet  and  tenths.  Observations  were  maintained 
om  September  1  to  October  15,  1897,  at  which  time  they  were  dis- 
ntinued  until  January  1,  1898.  This  gage  is  located  atoo\v\)  ^QRy  1^^\» 
^rthwest  from  the  permanent  bench  mark  estabUsYieAby  ^T.'^N^vaxa. 
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T.  GriswoUl  in  1897,  consisting  of  the  usual  iron  post  with  brass  cap, 
the  elevation  stamped  on  the  top  being  1,121  feet  above  sea  level.  The 
iron  post  is  on  the  west  line  of  East  Center  street  in  the  town  of  Lake- 
side. In  the  readings  given  on  page  164  the  figures  1,100  should  be 
addeil  to  give  the  elevation  above  tide. 

Capt.  Charles  Johnson,  of  Lakeside,  Washington,  writes  concerning 
Lake  Chelan  as  follows: 

This  lake  is  fed  by  mountain  streams  which  have  their  sources  in  the  gladerB  of 
the  Cascade  Mountains,  furnishing  the  lake  with  water  as  pure  as  crystaL  Thi 
Stehekin  River,  the  main  tributary  of  the  lake,  finds  its  source  on  the  very  snnmut 
of  the  Cascades  in  glaciers  of  great  extent  and  magnificence.  The  foot  of  the  lake 
is  3  miles  from  Columbia  River,  at  an  elevation  of  800  feet  above  the  river,  into 
which  the  waters  fiow  through  Chelan  River.  From  the  foot  the  lake  extends  in 
a  northwest  direction,  penetrating  the  Cascade  Mountains  almost  to  their  center, 
affording  a  panorama  of  majestic  scenery  that  is  rarely  found  on  the  shores  of  asj 
lake. 

At  the  foot  of  the  lake,  and  for  25  miles  up,  it  is  surrounded  with  low  foothilte 
and  good  soil,  well  adaptend  to  farming  and  horticulture.  From  thence  the  moon- 
tains  rise  higher  and  higher,  with  almost  perpendicular  granite  walls,  until  at  the 
head  of  the  lake  the  mountain  peaks  stand  8,000  to  10,000  feet  above  sea  level.  Hie 
lake  has  now  four  steamers  plying  its  waters,  supplying  the  many  mining  camps 
in  the  uplake  region  and  affording  accommodations  to  tourists  and  pleasure  sedt- 
ers.  The  lake  is  open  to  navigation  for  the  whole  year.  This  is  due  to  the  grest  J 
depth  of  the  lake  and  the  mild  temperature  of  the  region.  The  average  winter 
temperature  is  about  27'  to  28°  F. 

North  Yakima  station  on  Naches  River, — This  station,  originally 
established  August  14,  1893,  and  abandoned  in  February,  1807,  was 
reestablished  on  February  1,  18l*8;  and  the  station  at  Selah,  on  tlie 
Yakima  River,  described  in  the  Nineteenth  Annual  Keport,  Part  IV, 
pages  477-47*J,  5  miles  above  the  month  of  the  Naches,  was  discontin- 
ued. The  observer  is  Pat.  Gallagher,  section  foreman.  Siuee  tli<' 
reestablishment  of  the  Naches  station  tlie  river  channel  has  been  iu 
a  condition  more  favoral^le  for  meter  ol)servations  tlian  formerly. 
Discharge  measurements  are  made  from  the  lower  side  of  the  lii^'i^- 
way  bridge.  A  new  horizontal  gage  rod,  with  wire  and  weight,  has 
been  attached  to  the  main  span  of  the  Northern  Pacific  Railway 
bridge  at  the  mouth  of  the  Naches,  a  few  hundred  feet  downstream 
from  the  highway  bridge.  The  length  of  the  gage  wire  from  index 
to  foot  of  weight  is  30.41  feet.  The  pulley  distance  is  5.844  feet.  Tlu* 
e'levation  of  t<)p  of  pulley  is  24.57  feet.  The  bench  mark  is  the  top 
of  tlie  north  end  of  east  sill  of  clearance  posts,  about  150  feet  north 
of  Northern  Pacific  Railway  bridge.  Elevation,  23.700  feet.  On 
December  27,  1808,  Mr.  Arnold  connected  the  highway  bridge  with 
this  bench  mark.  The  toj)  of  the  northeast  concrete  i)ier  was  found 
to  be  at  an  elevation  of  2'2A)i^  feet,  and  the  top  of  the  bridge  post  at 
the  150- foot  mark,  at  an  elevation  of  20. 7()  feet.  The  distance  from 
top  of  post  to  surface  of  w^ater  has  been  carefully  measure<l  at  each 
discharge  measurement,  so  that  the  exact  river  height  at  the  highway 
bridge  is  known. 


COLUUBU  BIVER  DBAINAOB. 


159 


Union  Oap  staiioti  on  Yakinui  River. — Described  on  page  175  of 
•aper  No.  16;  results  for  1897  given  on  pages  470-481  of  the  Nine- 
eentb  Annual  Report,  Part  IV,  The  old  bench  mark  having  been 
bliterated,  a  new  one  has  been  set.  It  la  the  highest  point  of  a  large 
ockmonnd,  25  feet  north  of  gage  and  10  feet  east  of  fence;  eleva- 
ion,  17.52  above  zero  of  gage  rod. 

Kiona  stafion  on  Yakima  River. — Described  on  page  176  of  Paper 
lo.  17;  results  for  18fl7  given  on  pages  482-480  of  the  Xineteenth 
kDnual  Report,  Part  IV. 

Spokane  station  on  Spokane  River. — Described  on  page  177  of  Paper 
fo.  16;  results  for  189?  given  on  pages  487-489  of  the  Nineteenth 
LiiQual  Report,  Part  IV. 

Whitman  station  on  WaUawaUa  River. — Described  on  page  179  of 
■aper  No.  16;  results  for  1898  given  on  pages  490-492  of  the  Nlne- 
wnth  Annual  Report,  Part  IV. 

Oibbon  station  on  UmatiUa  ffiver. — Descrilietl  on  page  180  of  Paper 
io.  16;  resnlts  for  1897  given  on  pages  493,494  of  the  Niueteenth 
innual  Report,  Part  IV. 

3foro  station  on  Deschutes  River, — Described  on  page  181  of  Paper 
io.  16.  A  measurement  was  made  in  1898  by  Sj-dney  Arnold.  No 
rating  table  was  constructed,  for  lack  of  sufficient  data. 

Tueker  staiion  on  Hood  River. — Described  on  page  181  of  Pai}er 
Ho.  16;  resnlts  for  1897  given  on  pages  498-500  of  the  Nineteenth 
Annosl  Report,  Part  IV. 

TABLES  OP  DAILY  GAOB  HEIGHT, 
flafly  gage  height,  in  feet,  of  Portneuf  River  at  Pi.cateUu,  Idaho,  fur  WM. 


m^'     -t)PEKATIONS  AT  KnTEE  flTATl 
Daily  gage  height,  in  feet,  of  Snake  River  at  Montgamfrt/,  Idalto,  for  IM. 


Okt. 

Mh. 

Apr. 

M»7- 

Jan». 

JulT. 

AUR. 

3ept. 

Got 

Not. 

Dec 

J 

Ol 

a.  86 

1 

1 

1 



8,80 

s.as 

» 

B.26 
E.M 

in 

4.» 
t.IO 

is 

i.iS 

11 

«!» 
(.so 

a 

ii 

3.  so 

8.10 
3.00 

.flO 

1 

S.XI 

II 

.30 

It 

3.30 

:S 

3.40 
3.40 

.to 
.to 

1 

.flO 

B 

is 

180 

1 

.eo 

.80 
.80 
3.80 
.» 

ISO 

1 

!bo 

■1 
1 

.00 

.as 

:S 

.80 
.88 
3.30 

! 

i 
1 

Z 

» 

1 

■a 
I 

i 

1 
t 

\ 

1 

1 

M 

a) 

00 
4S 

40 

i 

1 

.9D 

!l» 
.BO 
.W 

1 

.W 

iw 

,90 
.80 

'.» 

i,30 
£.30 

11 

E,3a 

3.30 

l:S 

11 

t.9) 
3,30 

s 

a 

S.0O 

i 

80 

DO 
30 

m 

1 

f 

i 

i 

g 

Daily  gage  height,  {fi  feet,  of  JAttle  Wood  Rtver  at  Toponi«,  Idaho,  forlM. 
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Daily  gage  height,  in  feet,  of  Weiaer  Rirxr  at  WHaer,  Idaho,  for  189S. 
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DaHigage  height,  in  feet,  of  Blaekfoot  River  at  Bonner,  Montana,  for  1898. 
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Dail^  gage  Iteight,  in  feet,  of  Mitxoala  River  at  Mistouia,  Montana,  for  1S9S. 
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Hy  gage  height,  in  feet,  of  Yakima  River  at  Union  Oap,  Washington,  for  JS98. 
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Daily  ga{fe  height,  in  feet,  of  Yakima  River  at  Kiona,  Wa»hington,  for  1. 
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iMiDygagc  height,  in  feet,  of  Hood  RitMr  at  T«eker,  Orvgoti,  for  . 
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NORTHTERX  PACIFIC  COAST  DRAINAGE. 

In  this  division  are  included  measurements  on  streams  flowing  into 
he  Pacific  north  of  the  Columbia  River.  The  river  stations  so  far 
s  established  have  been  located  within  what  is  known  as  the  Olym- 
ic  Peninsula,  the  work  being  under  the  charge  of  Mr.  W.  J.  Ware, 
fPort  Angeles. 

DESCRIPTION  OF  RIVER   STATIONS. 

Seattle  station  on  Cedcir  River, — This  station,  described  on  pages 
(1-502  of  the  Nineteenth  Annual  Report,  Part  IV,  was  maintained 
r  Mr.  T.  A.  Noble  for  the  Seattle  Power  Company.  A  description 
the  methods  employed,  with  the  results  of  discharge  measure- 
Bnts,  and  diagrams,  are  published  in  an  article  by  T.  A.  Noble,  in 
e  transactions  of  the  American  Society  of  Civil  Engineers,  Volume 
LI,  June,  1899.  The  station  was  discontinued  September  30,  1898, 
d  observations  begun  at  Vaughns  Bridge,  about  3,000  feet  l)elow  the 
tlet  of  Cedar  Lake,  or  15  miles  above  the  station  at  Cliffords  Bridge. 
Seguin  station  on  Dungeness  River, — Described  on  page  182  of 
iper  No.  16;  results  given  on  page  503  of  the  Nineteenth  Annual 
jport.  Part  IV.  On  July  29,  1898,  the  station  was  moved  to  a 
idge  about  8^  miles  downstream,  this  being  about  a  mile  above  the 
9Uth.  This  bridge  crosses  the  river  diagonally,  its  northern  end 
fing  about  15  degrees  upstream  from  a  position  perpendicular  to  the 
irrent.  The  initial  point  and  bench  mark  is  the  inner  edge  or  cor- 
ir  of  the  first  post  for  the  covering  of  bridge  on  the  south  end  and 
ist  side  of  bridge.  The  rod  is  horizontal  and  the  zero  is  25.91  feet 
om  the  initial  point;  distance  of  pulley  from  zero  on  rod  is  4.90 
et;  length  of  wire  from  end  of  ring  to  end  of  weight,  20.04:  feet, 
he  station  was  changed  from  the  fact  that  measurements  could  be 
iken  at  the  lower  bridge  much  more  accurately.  At  the  upper 
idge  there  was  a  slough,  and  the  water  running  through  that  could 
)t  be  accounted  for.  Since  the  station  has  been  moved  Henry 
cAlmond  has  been  observer. 

^cDorudd  station  on  Ehvha  River. — Described  on  page  183  of 
iper  No.  16;  results  for  1897  given  on  page  505  of  the  Nineteenth 
mual  Report,  Part  IV. 

f'orks  station  on  Calowa  River, — Described  on  page  184  of  Paper 
K  16.     The  observer,  until  August  25,  1898,  was  George  W.  Eaton; 
ce  that  date,  Miss  Irraa  Whittier,  deputy  postmaster  at  Forks. 
Quillayute  station  on  SoldiLck  River, — Described  on  page  184  of 
I)er  No.  16. 
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[•y.         Jul  JFeb. 

MT.  j  Apr.    M»y. 

June, 

,..,.!  A.,  i«„. 

Oot.     Nov. 

Dec.   , 

1 

j:;e 

si:::::: 

II 

i:::::;: 

m'.'.'.'.'.'.'. 

|::::::: 

V'".'.'.'.''. 


1 

2.  IS 

a 

7.M 

E.OU 

\l 

in 

11 
tl 

a.oo 

3.3B 

s.eo 

5:S 

! 

«0 

on 

BG 

to 

1 

1 

30 

1 

SO 

ill 
as 

1 

1.M 

1 

i 

.4S 

.85 

.an 

.St 
.IS 

'1 

l.«S 
1.8S 

1 

l.<0 



1 

.SI 
.38 

:S 

ies 

.Tl» 

.es 

il 

las 

:!S 

.es 

: 

«5 

1 
1 

i 

IS 

I 

an 

1 

1 
1 

su 

i 

Id 

i 

i 

30 
10 

i 

3S 

ass 
.ao 

y 
-J 

—  10 

-  .10 

[I 

-  .1" 

-  .3) 

-  ,2D 

-  .11* 

-  .*n 

-  !w 

«s 

s.m 

-.IS 
"(JO 
.40 
.00 

:|l 

':i  ^S 

.W        .4S 
.so!    3.% 

J'   1 
;S|  :S 

.an  !     .00 
.OS       .as 

.«>!    .m 

■ii:  1 

3.66 

»i 

£.80 

S.M 

'1 

.as 

.TO 

1 

.BO 
.(0 

:S 

.au 
.n 

1 
1 

^ilV  gage  height,  in  feet,  of  Solduek  River  at  Quittayute,  Waahinglmt.  for  1898. 

r 


□■r-      !  Jon-    Feb.    Mm-.  <  Apr. 


S5 

-.a 

w.' 

!  ,' 

:m 

:l.? 

.TIOXA  AT  KirEB   STATIOBS,  Vm. — t>AB.T   IL   I 


!•  AppUoiblc  rrom  Jalj- 


OPERATIONS  AT   STATIONS.  177 

SAX  FRANCISCO  BAY  DRAINAGE. 
DESCRIPTION    OF   RIVER   STATIONS. 

Jelleys  Ferry  station  on  Sacramento  River. — ^Described  on  page  185 
if  Paper  No.  16;  results  for  1897  given  on  page  509  of  the  Nineteenth 
Annual  Rei)ort,  Part  IV.  During  the  year  1898  Mr.  Fred  Lemstrom 
as  been  furnished  with  a  meter  and  has  made  at  least  two  measure- 
lents  a  month  of  the  river,  or  as  often  as  any  radical. change  occurred 
I  the  volume  of  the  stream.  He  was  furnished  with  Price's  acoustic 
leter  No.  12,  which  he  used  until  the  Ist  of  June.  This  was  the  only 
leter  available  during  the  first  portion  of  the  year  for  this  work ;  sub- 
iquent  to  the  1st  of  June  he  was  furnished  with  a  large  Price  electric 
leter  (No.  67).  Observations  with  the  acoustic  meter  were  made, 
here  practicable,  at  six-tenths  depth,  to  determine  the  mean  velocity 
f  the  stream;  because  of  the  depth  of  the  river  this  could  not  always 
e  done.  With  the  larger  meter  top,  middle,  and  bottom  velocity  are 
Iways  taken.  As  i>reviously  described,  the  discharge  measurements 
re  made  from  a  boat  held  by  the  cable.  The  rating  curve  for  the 
ear  1898  indicates  that  the  river  is  deepening  its  bed.  A  rapid 
ecurs  about  one-half  mile  below  the  gaging  station.  Observations 
ere  taken  of  river  heights  twice  each  day  throughout  the  year.  The 
iscbarge  measurements,  shown  on  page  185,  were  made  in  1898  by 
'red  Lemstrom. 

Oakdale  station  on  Stanislaus  River, — Described  on  page  187  of 
*aper  No.  16,  and  also  on  page  510  of  the  Nineteenth  Annual  Report, 
*art  IV;  was  located  until  July  30, 1898,  at  the  wagon  bridge  one-half 
lile  north  of  the  town  of  Oakdale,  California.  One  gage  rod  is  set 
etween  the  south  or  left-hand  piers  of  the  wagon  bridge  on  the  side 
)ward  the  water,  and  can  be  read  from  the  bridge.  The  datum  is 
7.92  feet  below  the  top  of  the  southeast  iron  pier  of  the  wagon  bridge. 
i  rod  for  lowest  readings  of  the  river  is  125  feet  below  the  wagon 
ridge  on  the  left  bank  and  referred  to  the  same  datum.  A  second- 
7  gage  for  determining  the  slope  of  the  river  is  attached  to  the 
ib  abutment  of  the  Southern  Pacific  railroad  bridge,  1,071  feet 
jIow  the  wagon  bridge  and  referred  to  the  same  datum  as  the 
)per  gage.    Its  zero  is  5.92  feet  below  the  top  of  the  cap  on  the  piles 

the  south  crib  pier  of  the  railroad  bridge.  The  pier  has  settled 
iring  the  last  year.  The  channel  of  the  river  is  uniform  and 
raight  above  and  below  the  station,  and  both  banks  are  high 
ough  to  prevent  overflow  in  all  except  extreme  conditions  of  flood. 
le  bed  of  the  stream  at  this  i)oint  is  of  sand  and  gravel  and  changes 
ily  slightly. 

The  observer  until  May  4  was  Walter  Beistle;  since  then  J.  W.  Bell 
ks  been  observing  on  the  river,  and  has  reported  the  daily  water 
>ight  of  the  river  at  this  point.  Soundings  were  taken  twice 
ch   month  to  determine  the  area    of   the    cross    section  of  th^ 
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Htivam,  the  intention  being  Ii>  determine  the  relation  between  Hu 
disoharge  in  volume  and  area  of  crwas  section  of  the  stream,  aodU 
iisij  these  (^ilements  in  case  the  relation  between  the  height  ofwatn 
un  fiH^ie  ru«l  and  volume  discharged  was  not  satisfactory.  Thepoitt 
from  which  the  ineasiirements  were  made  up  to  July,  1S98,  was  tb 
wagon  bridge.  1,071  feet  above  the  railroad  bridge  This  wagun  bridgl 
iti  nearly  0()  feet  aI>ove  the  surface  of  the  water,  consequently  meafr 
nrements  were  not  as  satisfactar>' as  desired.  On  July  30,  lS98,i 
cable  was  stretched  aoross  the  river,  1,000  feet  below  the  railroad 
bridge,  at  J.  W,  Hell's  ranch  bouse.  The  section  at  this  point  is  reli- 
tively  satisfactory,  there  being  a  stretch  of  straight  river  for  1,000, 
feet  above  and  tielow  the  cable.  Sand  bars,  however,  are  a  consuat 
objection  to  all  i>oints  on  the  river,  mhiftiug  their  [Msition  with  Ibt 
changing  seasons.  In  order  to  have  the  gage  rod  near  the  bouse  ti 
Mr.  Bell,  who  is  the  obaerier,  and  also  because  of  contempUletfl 
repairs  on  the  railroad  bridge  to  which  the  old  gage  was  attacfaei^j 
on  July  30,  lt*98,  the  gage  was  moved  from  the  south  pier  of  the  rail"' 
road  bridge  to  a  point  on  the  left  bank  of  the  stream,  2oi>  feet  aboW 
the  cable  and  ut  the  side  of  Mr.  Bell's  peach  orchard;  subsequent  li>< 
this  date  all  obsen'ations  were  Iwken  on  this  gage.  Two  rating  tablM' 
are  therefore  given  for  this  stream,  one  prior  and  one  subsequent  Hj 
July  30,  1808.  J 

As  has  been  stated  in  previous  reports,  there  are  many  dl^-ersinns  W 
the  Stanislaus  River  above  Onkdale,  the  principal  oue  of  which  is  by 
the  Stanislaus  and  San  Joaquin  Valley  Water  Company.  The  waWt 
of  the  I'iver  is  diverted  mi  the  right  bank  by  this  conipaiiy,  in  a  flume 
at  a  point  3  miles  above  Knights  Ferry.  A  straight  section  of  tlie 
flume,  known  as  section  3,  was  selected,  and  by  turning  into  it  varj'- 
ing  amounts  of  water  a  complete  rating  was  obtained  on  June  1, 1898. 
Mr.  J.  Y.  Beveridge,  of  Knights  Ferry,  California,  who  is  the  sQpe^ 
intendent  of  the  canal,  has  very  kindly  furnished  the  Geological  Sur- 
vey, since  the  lat  of  June,  with  the  daily  depth  of  the  water  in  the 
canal,  from  which  the  volume  has  been  determined.  A  peculiaritj 
about  the  rating  table  for  this  canal  is  that  the  gage  height  given  ia 
the  distance  down  fi-om  a  fixed  point  to  the  water  surface.  The 
water  carries  so  much  silt  from  the  gold  stamp  mills  above  that  a  gage 
rod  becomes  quickly  covered  with  slime,  preventing  an  nccuratf 
reading  of  it.  In  the  column  marked  "Gage  heights,"  the  less  tlie 
difference  given  the  greater  is  the  corresponding  discbarge.  The 
rating  table  for  the  Stanislaus  Kiver  indicates  that  the  bed  is  filling 
and  rising,  which  is  what  might  have  been  anticipated,  because  of  ibe 
large  gold-mining  operations  which  are  being  carried  on  above.  The 
discharge  measurements,  given  on  page  1S5,  were  made  in  IS'JS  by 
J.  B.  Lippincott. 

Lagrange  station  oh  Tuolumne  Siver. — Described  on  page  18S  ol 
Paper  No.  16;  results  for  1897  on  page  512  of  the  Nineteenth  Annual 
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Beport,  Part  IV;  is  located  at  the  bridge  in  the  town  of  Lagrange, 
CaUfomia,  32  miles  from  Modesto.     Observations  have  been  taken 
daily  on  the  vertical  gage  rod,  which  is  fastened  to  timbers  between 
the  two  iron  piers  on  the  right  bank  of  the  river.     The  bencli  mark  is 
a  nail  driven  into  the  bottom  of  the  west  post  of  the  fifth  bent  south 
of  the  south  iron  cylinder,  and  is  15.31  feet  above  the  zero  of  the  rod. 
The  channel,  both  above  and  below  the  bridge,  is  straight  for  several 
himdred  feet,  and  the  velocity  of  the  stream  is  quite  uniform.     Both 
banks  are  high  and  not  subject  to  overflow.     The  bed  is  of  gravel. 
The  observer  was  Cleo  Pereira  until  June  11,  and  has  been  Anna  P. 
McGinn  for  the  balance  of  the  year.     During  the  past  year  the 
Lagrange  Ditch  and  Hydraulic  Mining  Company's  Canal,  which  is 
commonly  known  as  the  Mining  Company's  Canal,  whicli  diverts 
water  from  the  left  bank  3  miles  above  the  Lagrange  dam,  has  con- 
tinued carrying  water  to  its  full  capacity  throughout  the  year.     This 
volume  is  approximately  1,200  miner's  inches    or  24  second-feet. 
Water  from  this  canal  is  used  for  ground  sluice  mining  on  the  left 
bank  of  the  river.     About  one-fourth  of  this  amount  returns  to  the 
river  above  the  bridge,  the  rest  returning  below  the  bridge.     In  the 
latter  portion  of  the  year  the  Turlock  irrigation  district  succeeded  in 
running  a  small  volume  of  water  through  its  irrigation  canal,  which 
diverts  its  supply  from  the  left  bank  of  the  stream  at  the  Lagrange 
Dam.    The  amount  of  this  water  has  been  very  small,  and  has  been 
used  solely  for  puddling  the  banks  of  the  canal  and  for  testing  the 
dams  at  certain  reservoirs.     The  rating  curve  for  this  stream  has 
remained  the  same  for  the  year  1898  as  for  1897.     The  list  of  dis- 
charge measurements,  made  by  J.  B.  Lippincott,  is  given  on  page  185. 
Modesto  station  on  Tuolumne  River, — Described  on  page  189  of 
Paper  No.  IG;  is  located  one-half  mile  south  of  the  depot  and  at  the 
wagon-road  bridge  at  Modesto,  California.     The  observer  is  J.  T. 
Reed.    Daily  observations   of    river  heights    have  been    obtained 
through  the  courtesy  of  William  Hood,  chief  engineer  of  the  Southern 
Pacific  Company.     They  extend  only  to  January  18,  at  which  time 
the  gage  was  removed  and  the  station  discontinued.     This  station 
Was  not  satisfactory  in  establishing  tlie  relation  between  the  volumes 
discharged  and  the  height  of  water  on  the  gage  rod.     Daily  records  of 
volume  are  kept  at  Lagrange,  which  is  on  the  same  stream  32  miles 
above,  and  therefore  no  measurements  of  volumes  were  taken  at  the 
Modesto  station  during  the  past  year. 

Hemdon  station  on  San  Joaquin  River, — Described  on  page  190 
<>t  Paper  No.  16;  results  for  1897  given  on  page  514  of  the  Nineteenth 
Annual  Report,  Part  IV;  located  at  the  wagon  bridge  about  one-half 
luile  north  of  Hemdon  and  12  miles  north  of  Fresno,  California,  on  the 
liue  of  the  Southern  Pacific  Company.  The  original  gage  consisted  of 
^  Vertical  rod  fastened  to  the  lower  side  of  the  south  central  railroad 
bndge  pier.     The  water  of  this  stream  attacks  the  paint  on  thft  %^^<^ 
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ro«l  to  II  |>i.-ru)uir  extent.  To  nvuid  this  iuconvenienoe  m  ne»*  roJ  was 
plAC(*'l  Jilx»ve  the  old  one  and  nailed  to  the  upper  portion  of  the  brid^, 
A  Aout  N4.-tin^iDabox,  by  m<.-an«  of  a  copper  wire  passing  over  a  roller, 
actUBtes  an  index  which  p<HntK  to  a  ga|;e  height  corresponding  to  ihs 
datam  of  the  orij^oal  rod.  The  bench  marie  is  at  the  south  end  of 
the  wagon-bridge  trestle,  on  the  west  side,  on  a  nail  in  a  post,  0,2  of  a 
foot  above  the  ground,  and  marked  by  a  B.  31.  cat  in  Ibe  ix>st.  Thii 
elevation  »bows  the  rod  datum  is  £4.1i  feet.  A  gage  on  the  siinie 
datum  hi  also  painted  on  tbe  southwest  cylinder.  The  chauDcl  for 
900  feet  above  and  3,0imj  feet  below  the  bridge  is  straight  and  the  waur 
has  a  uniform  velocity.  The  right  bank  is  high,  rocky,  and  ste«p. 
The  bed  of  the  stream  is  sandy  and  gravelly.  The  observer  is  G.  Q. 
Nelson.  Daily  observations  of  river  heights  have  been  made  at  Uiis 
station  thronghont  the  year,  and  in  addition  soundings  have  been 
taken  twice  a  month  to  detomiine  the  varying  areas  of  cross  section 
of  the  river.  The  station  for  the  years  Isi'Mi  and  1811?  wa.**  i»ecnliarl]t 
satlsfaetory,  bat  during  the  year  1S9S  it  has  proved  erratic.  Measure- 
menls  of  volume  during  the  past  seastm  indicate  that  a  different  ratii^ 
carve  should  be  used  for  1898  than  that  nsctl  in  1S07.  The  measure' 
meiits  taken  during  the  year  1898  agree  quite  well  within  themseivet^ 
bat  differ  from  previous  ones.  An  effort  has  1>een  made  iu  this 
to  establish  the  relatiou  between  areas  of  cross  section  and  volume^ 
discharged.  The  condition  described  above  may  be  explained  bythe 
forming  of  sand  bars  below  the  gaging  station.  The  rating  cunrft 
indicates  that  the  bed  of  the  stream  is  rising.  The  discharge  meas^ 
uremeiits,  given  on  page  1^5,  were  made  I>y  .T.  1!.  Lippimnitt. 

Rtd  Muuntaiu  station  on  Kings  Rii-tr. — Descrilu'd  on  page  It'l  of 
Paper  N'o.  W>;  results  for  1897  given  on  page  518  of  the  N'iueteenth 
Annual  Report,  Part  IV;  located  15  miles  east  of  Sanger,  California, 
southwest  of  Red  Mountain.  The  station  is  on  what  is  called  the 
"  Lower  section  of  No.  9"  of  the  lumber  flume.  It  is  located  at  the 
month  of  the  Kings  River  Canyon  and  above  all  diversions  from  tbe 
stream.  AVilliin  a  distance  of  5  miles  below  this  station  the  following 
i.-ai!iils  are  taken  out:  On  the  right  hank,  the  Church  Pitcli,  which  bas 
the  prior  right;  the  Fowler  Switch  Canal,  and  the  Kingsburg  Canal; 
and  on  the  left  bank  the  76  Canal.  The  bod  of  the  stream  is  of  gravel 
and  bowlders,  and  it  has  maintained  its  section  well  since  the  time  it 
was  established  in  1806,  Measurements  made  during  the  year  1898 
indicate  that  the  rating  curve  has  not  clianged  materially;  a  slight 
correction  is  made  in  it  between  the  gage  heights  6A  feet  and  9^  feet. 
Daily  observations  of  river  heights  have  been  taken  throughout  the 
past  year  by  Mrs.  Alice  House,  except  duringaperiod  from  September 
18  to  Octol>er  1,  for  which  time  values  have  been  estimated.  The 
discharge  measurements,  given  on  page  185,  were  made  by  J.  B. 
Lippincott. 
^tuf/gburg  station  on  Kings  River. — Descviiwd  on  page  192  of  Paper 
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1. 16;  results  for  1897  0ven  on  page  520  of  the  Nineteenth  Annual 
>poTt,  Part  IV;  located  on  the  Southern  Pacific  Company's  bridge, 
proximately  1  mile  south  of  Kingsburg,  California.  The  water  is 
ep  and  slow.  The  observer  is  Alf .  Thompson,  and  daily  gage  heights 
iring  the  past  year  have  been  furnished  through  the  courtesy  of 
illiam  Hood,  chief  engineer  of  the  Southern  Pacific  Company, 
le  repeated  efforts  to  establish  some  relation  between  heights  of 
iter  on  the  gage  and  volumes  discharged  or  areas  of  cross  section  to 
flumes  discharged  has  failed.  An  investigation  was  made  which 
lowed  that  diversions  from  the  river,  which  are  made  at  a  point 
x)ut  2  miles  below  the  gaging  station,  through  certain  head  gates, 
aterially  affect  the  grade  and  section  of  the  river  at  the  railroad 
idge.  For  these  reasons  it  has  been  considered  advisable  to  dis- 
ntinue  the  effort  to  give  daily  tables  of  volumes  discharged  and  to 
ve  only  the  heights  of  water  on  the  gage  and  the  individual  meas- 
lements  that  have  been  made.  The  station  is  of  interest  and  impor- 
nce,  owing  to  the  extensive  litigation  over  the  waters  of  the  stream, 
e  principal  diversions  from  it  occurring  above  the  gaging  station, 
id  also  to  the  fact  that  return  water  from  the  San  Joaquin  Valley  is 
iginning  to  manifest  itself  in  the  increased  volume  of  this  river 
)tween  the  upper  and  lower  diversions. 

As  previously  stated,  the  channel  of  the  stream  at  this  station  is 
idly  broken  by  the  piers  of  the  railroad  bridge  and  of  a  wagon 
•idge  which  is  immediately  below.  Because  the  section  is  so  poor  at 
lis  point,  measurements  of  discharge  liave  been  ta>ken  during  1898  at 
IK)int  known  as  "  Clarks  Bridge,"  which  is  approximately  2  miles 
x>ve  the  railroad  bridge  and  crosses  with  a  single  span.  The  water 
;  Clarks  Bridge  is  deep  and  in  the  low  stages  of  the  stream  it  has  a 
ny  slow  velocity.  During  the  summer  of  1898  this  velocity  has  been 
)  slow  that  the  meter  would  not  act,  consequently  the  stream  has 
wn  gaged  at  a  point  a  short  distance  above  the  railroad  bridge, 
here  the  observations  of  the  meter  were  taken  by  wading.  The  rod 
ladings  corresponding  with  the  measurements  that  were  taken  both 
;  the  Kingsburg  railroad  bridge,  at  Clarks  Bridge,  and  at  the  inter- 
edlate  station  where  wading  occurred,  all  were  taken  at  the  Kings- 
irg  railroad  bridge.  This  station  was  considered  of  value  because 
the  series  of  diversions  of  the  water  a  short  distance  below  for  the 
rigation  districts  around  Hanford.  As  stated  above,  there  is  a  con- 
lerable  amount  of  return  water  in  this  Kings  River,  which  in  part 
pplied  this  lower  demand. 

*^  First  point  of  measurement^^  station  on  the  Kern  River. — Contin- 
•ns  observations  by  means  of  an  automatic  recording  apparatus 
.re  been  maintained  on  this  stream  by  the  Kern  County  Land  Com- 
,ny,  and  in  addition  measurements  of  volumes  discharged  have  been 
ide  once  a  week  by  this  company.  These  records  have  been  f  ur- 
ahed  by  the  courtesy  of  Mr.  Walter  James,  cWet  engm^et. 
iRB  28- 6 
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eoUTlIERX  CALIF<mXIA  DRAINAGE. 

The  river  stations  in  southern  California  are  under  the  charge  of 
Mp,  J.  B.  Lippincott,  of  Los  Angeles.  The  streams  are  relatively 
small,  and  computations  of  discharge  are  based  largely  upon  weir 
measurements  and  similar  methods. 

DESCRIPTION  OF  RIVER   STATIONS. 

rahiultile  skdion  on  Littlerock  Creek. — Described  on  page  193  ot 
Paper  No.  IC;  results  for  16fl7  given  on  page  526  of  the  Nineteenlh 
Annual  Report,  Part  IV,  The  stream  was  dry  from  June  ■*  to  the 
end  of  1SSI8.  All  of  the  water  of  the  stream  throughout  the  year  has 
been  diverted  into  the  tlume  of  the  ^outh  Antelope  Valley  Irrigation 
Company  at  its  headworks  in  the  canyon.  This  water  company  has 
kept  these  records  and  furnished  them  without  expense  through  the 
courtesy  of  Burt  Cole,  chief  engineer.  On  January  4,  ISM,  a  float 
measurement  was  made  during  low  stage  of  water  in  Pallet  Creek. 
The  gage  height  was  O.b-2  and  the  discharge 0.78  second-feet.  On  the 
same  date  a  measurement  was  made  of  Kigrock  Creek  opposite  the 
dam  site  near  Pallet  Creek  in  Bigrock  Creek.  At  that  time  the  gage 
height  was  5.70  and  the  discharge  5.27  second-feet.  Oibthis  date  also 
a  eiirreat-meter  measurement  was  madeHuttieOie-veXciVTOftQ.vr.wuQelon 
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k  Creek,  showing  that  the  total  developed  water  equals  1.33 
[-feet.  On  February  20  a  current-meter  measurement  was 
by  Burt  Cole  at  the  Littlerock  Creek  gaging  station  in  the 
The  height  of  water  was  2.76  feet  and  the  discharge  5.11 
i-feet.  On  March  2  a  measurement  above  the  head  gate  of  the 
ock  Creek  irrigation  district  showed  there  was  flowing  2.02 
i-feet.  A  float  measurement  of  this  water  after  flowing  in  the 
or  about  a  mile  gave  a  discharge  of  1.60  second-feet. 
sa  station  on  San  Onbriel  River. — Described  on  page  194  of 

No.  16;  results  given  on  page  528  of  the  Nineteenth  Annual 
b,  Part  IV.  No  water  was  flowing  from  February  24  to  March  9, 
om  March  11  to  May  4,  from  May  6  to  May  15,  and  from  May 
he  end  of  the  year. 

y  observations  have  been  made  on  the  river  by  H.  F.  Parkinson, 
isa,  the  superintendent  in  charge  of  the  division  of  the  water 
\  stream  for  all  the  companies  diverting  water  at  the  mouth  of 
Q^ron.  The  entire  output  of  the  stream,  practically,  has  been 
ed  into  the  canals  of  these  companies  and  measured  daily 
weirs  during  1898.    A  large  number  of  separate  diversions 

and  a  number  of  weirs  have  been  used  in  this  computation. 

these  records  have  been  kept  in  detail  by  Mr.  Parkinson,  it  is 
ered  unnecessary  and  confusing  to  give  rating  tables  for  all 
drs  and  the  volumes  diverted  over  each;  herewith  are  given  a 
)f  gage  heights  and  a  rating  table  for  the  river  at  the  gaging 
1,  and  a  table  showing  the  combined  flow  of  the  ditches  for  the 

September  1  to  December  31. 
isual  difficulties  have  been  encountered  in  obtaining  rating 

for  the  river  rod.  In  1897  the  Vinelead  irrigation  district 
ucted  a  small  diversion  dam  a  short  distance  below  the  gage, 

compelled  its  removal  to  a  point  higher  up  the  stream.  The 
as  moved,  and  all  readings  for  the  first  portion  of  1898  were 
on  this  rod.  During  the  summer  of  1898  this  rod  was  destroyed 
known  parties.  In  the  fall  of  1898  a  final  rod  was  placed  at 
me  place  as  its  immediate  predecessor,  and  readings  were  taken 
n.  Because  of  the  extremely  low  rainfall  there  have  been 
9w  opportunities  to  rate  these  rods.  A  curve  has  been  platted, 
t  from  measurements  and  in  part  from  comparative  results  of 
rements  on  older  rods.  It  is  believed  that  this  table  is  suffi- 
{  accurate  to  give  fairly  good  results  for  the  small  volumes  of 
that  have  passed  these  rods  during  the  past  year.  A  rating 
s  given  for  the  Slaughter  House  tunnel  on  the  Azusa  Canal. 
9  rod  is  located  at  the  lower  end  of  this  tunnel,  on  the  right- 
lide  of  the  conduit.     During  the  ordinary  low  summer  stages 

the  entire  volume  of  water  supply  passes  this  point,  and  the 
Aversions  may  be  obtained  from  observations  here.    Prior  to  the 
Btion  of  the  weira  of  the  power  company ,  4eacT\\i^\>AQNR^>3Kva» 
e  point  of  measurement  for  the  diverted  N'^a.let^  oi  \Xi^  ^\?c^».t«v* 


The  cable  thiit  was  used  in  the  pjist  for  the  measuremenl  of  Hood)  1 
haviog  become  old  and  i-ast  y,  not  being  the  property  of  the  Ge*ilogie«l  ' 
Survey,  aud  nut  beiii^  favorably  situat^tl  for  the  nieasareiuent«  of 
floods,  was  abandoned.  A  new  cable  has  been  stretched  across  the 
river  by  the  Geological  Survey  and  a  new  car  made  at  a  point  neat 
the  present  gage  i-od  in  the  main  stream.  The  San  Gabriel  Electric 
Company  during  the  past  year  has  constructed  a  conduit  of  4,000 
inches  capacity,  di^-ertlng  the  water  of  the  river  at  a  point  about 
six  milea  above  the  mouth  of  the  canyon  from  the  left  bank  of  the 
stream  and  dischai^ng  it  thi-ough  a  power  house  at  the  mouth  of  the 
■canyon  at  a  point  below  the  gage  i-od  in  the  river.  Weire  hav* 
Iwen  constructed  at  the  power  house  equal  to  the  4,000  inches,  ami 
if  Ihore  is  anj"  excess  water  that  the  canal  companies  do  not  dc*Bin' 
which  is  run  through  the  power  house  by  the  electric  company,  il 
is  wasted  in  the  river  below  the  gage;  consequently  a  wholly  new 
condition  of  affairs  will  exist  during  the  year  189!)  from  that  whicb 
existed  during  previous  years,  Arrangementa  have  been  made  with 
the  electric  company  by  which  they  give  access  to  their  records, 
which  are  kept  by  automatic  recording  gages,  both  on  the  weire  at  ihe 
power  house  aud  the  weira  at  the  point  of  diversion.  Mr.  tJeorjre 
Newman,  chief  engineer  of  this  company,  has  shown  the  courtesy 
of  offering  this  data  without  charge,  This  will  result  in  a  greatly 
improved  record  in  the  future.  The  discharge  measurements  shown 
on  page  190  were  made  by  J.  B.  Llppincott  dnri&g  I8d8. 

Wni-THsprinys  station  <m  Santa  Ana  Hirer. — Described  on  page  195 
of  Paper  No.  lU;  results  for  181>7  given  on  page  507  of  the  Ninet^enlli 
Annual  Iteport,  Part  IV.  It  is  located  5  miles  northeast  of  Mentone, 
California,  three-fourths  of  a  mile  below  the  headworks  of  the  Santa 
Ana  Canal  and  opposite  Warm  Springs  in  the  canyon.  The  gage  is  ao  , 
inclined  timber,  the  lower  end  of  which  has  been  set  under  the  pnt-  ' 
jectingedge  of  a  large  bowlder  and  fastened  to  upright  posts  at  its 
upper  end.  On  October  IC,  owing  to  some  local  legal  conditions,  an 
unusually  large  volume  of  water  was  turned  into  theSanta  Ana  Canal 
by  the  Bear  Valley  Company.  This  water  was  wasted  from  the  canal 
at  a  point  below  the  old  gage  rod.  Every  effort  has  been  made  lo 
seek  cooperation  of  the  Bear  Valley  Company  in  perfecting  the 
records  of  this  stream,  in  order  that  they  may  be  as  accurate  as  it  i» 
possible  to  get  them.  This  company  has,  however,  declined  to  coop-  ' 
erate  in  this  work,  and  refused  to  give  the  reconls  of  the  amount 
diverteil  iutu  tlmir  various  cuiiitls.  Individual  luettsurenieuts  were 
made  of  these  canals  whenever  a  gaging  was  made  of  the  stream 
itself.  The  only  diversion  above  the  gaging  station  is  into  the  Santa 
Ana  Canal,  but  it  is  probable  that  there  was  some  fluctuation  therein 
between  the  dates  of  measurements  of  its  diversions.  The  above- 
mentioned  conditions  necessitated  the  establishment  of  a  new  gaging 
rod  upon  this  stream  at  a  point  below  where  tYv©  waate  from  the  canal 
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<einmed  into  the  river.  This  waa  done  oii  November  9,  1808,  and 
JDce  that  date  daily  obaervationa  have  been  kept  on  the  lower  gage, 
rbts  new  gage  is  situated  where  the  river  flows  at  the  foot  of  a 
ranite  cliff,  aboQt  800  feet  below  the  mouth  of  Warm  Springs  Canyon 
nd  100  feet  above  a  road  crossing  the  river.  A  vertical  wooden  gage 
Dd  has  been  bolted  to  the  rock  bluff  which  forms  tho  left  bank  of 
le  river.  Since  November  9,  1898,  observ-ations  have  been  made  on 
16  new  gage  rod  bolted  to  the  oUtt. 

Mm  Creek. — An  effort  has  been  made  to  obtain  the  daily  records  of 
ow  of  water  in  Mill  Creek,  but  local  companies  have  considered  it 
^inst  their  interests  to  furnish  these  for  publication.  Individual 
leasarements  have  been  made  of  the  stream  at  the  head  of  the  zanja, 
tch  time  the  Santa  Ana  was  visited,  and,  owing  to  tlie  absence  of 
oods  and  the  conditions  of  low  water  throughout  southern  Cali- 
)mia  during  the  year  1898,  these  separate  measurements  may  be 
iken  as  fairly  representing  the  discharge  of  the  stream. 

TABLES  OP  DAILY  OAOE  HEIOHT. 
tatljt  gage  height,  in  feet,  of  Littleroek  Creek  at  FalmdaJe,  California,  for  189S.  (a) 
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I.OW.WATER  MEASUREMENTS. 

rbe  sammer  of  1898  has  been  one  of  very  great  drought  throughout 
;  State  of  California.  Not  only  has  the  Beasonnl  rainfall  been  vei? 
jht,  but  it  is  a  culmination  of  a  number  of  unusually  dry  years, 
itisg  the  past  eight  years  the  annual  rainfall  with  but  one  exception 
ibeen  below  the  average.  Because  of  this  shortage  of  water  crop 
leial  efforts  have  been  made  during  the  months  of  August  and  Sep- 
iber  of  1898  to  take  measurements  of  the  low  water  in  uumerous 
earns  throughout  the  State  upon  which  ordinarily  no  observations 
tre  been  taken.  These  measurements  can  be  accepted  as  repre- 
itingthe  minimum  flow  of  the  streams  upon  which  they  were  taken. 
le  following  is  a  list  of  the  midsummer  measurements : 
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!Ufii!iHrejiu!nl»  of  lou>-ioater  alaae    in    California  duritig  Jw\e,  July,  Aiiipaf 
September,  andOctoher.  ISOS,  «fc,— Contmned. 
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Pago. 

Calhoun  Falla,  S.  C ,  hydrograpbic  work  at .      28. 

40, 44, 46 

California,  hydrograpbic  work  in 106,177-196 

Calowa  River,  measurements  of 171, 175, 176 

Camp  Clarke,  Kebr.,  bvdrographio  work 

at 76,80,86,88 

Campbell  A.  Q.,  work  of 191 

Canton,  Oa.,  hydrograpbic  work  at.  47-48, 51, 57, 58 

Canyon,  Colo.,  hydrograpbic  work  at 107, 

110,116,117 
Cape  Fear  River,  measurements  of. . .  26, 36, 44, 45 
Carlton,  Ga.,  hydrograpbic  work  at. .  31, 42, 44, 46 
Carters, Ga.,  bydrograpnic  work  at.  45, 48, 52, 57, 58 

Cary,  Ga.,  hydrographio  work  at 31, 43, 44. 46 

Catawba,  N.'  C.,  hydrographio  work  at 27, 

37. 44, 45 
Catawba  River,  measurements  of  .  27, 37-38, 44. 45 

Cedar  River,  measurements  of 171, 172-173 

Chattahoochee  River,  measurements  of ... .      45. 

47, 50-51, 57, 58 
Chattanooga,  Tenn.,  hydrograpbic  work  at.      60, 

64,65.66 

Chinook,  Mont.,  gaging  station  at 69 

Clark,  W.  B.,  aidni)y 8 

Clarksville,  Va.,  hydrographio  work  at . .  25, 33, 44 

Clear  Creek,  measurements  of 69, 73-74, 76 

CogHwell,  F.,  work  of 86 

Cole,  Burt,  aid  by 186,190 

ColUnston,  Utah,  hydrograpbic  work  at 146, 

150,153,154 
Colorado,  hydrograpbic  work  in 77-78, 81-84, 

86.89.107-113,116,117,  120. 

126, 129-132. 135-139, 142-145 
Colorado  River,  measurements  of 118-110, 
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Colton,  A.  T..  aid  by 8. 132,143 

Columbus,  Nebr.,  hydrograpbic  work  at.  78, 85, 87 

Columbus,  Ohio,  hydrograpbic  work  at Go,  65 

Conn,  J.  C.,  work  of 44.57,65 

Convention  tables 1)0-100 

Coorta  River,  measurements  of 48, 53-55,  57, 58 

Cootiawattee  River,  measurements  of.  48, 52,  57, 58 

Crowe,  H.  F.,  work  of 191,192 
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Del  ^orte,  Colo.,  hydrograpbic  work  at 120, 

126, 129, 130 
Delaware  River,  measurements  of.  9, 16,  23.  21. 130 
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Detcbutes  River,  measurements  of. ..  159, 107, 169 
District  of  Columbia,  hydrographio  work 
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Dolorea,  Colo.,  hydrograpbic  work  at 131, 
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LETTER    OF    TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 
Division  of  Hydrography, 
Washington,  Februan/  15,  1899, 
Sir  :  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
^*  Wells  and  Windmills  in  Nebraska,"  prepared  by  Erwin  Hinckley 
Barbour,  professor  of  geology  in  the  University  of  Nebraska  and 
icting  State  geologist.     The  data  for  this  manuscript  were  obtained 
by  Professor  Barbour  incidental  to  his  studies  of  the  geology  of  the 
State,  and  have  been  rounded  out  by  special  work  carried  on  under 
his  direction.     The  original  manuscript  as  prepared  consisted  of  two 
parts — the  first  upon  wells,  and  the  second  upon  homemade  wind- 
mills— ^but  owing  to  delays  in  printing  the  first  part,  it  has  been  con- 
sidered advisable  to  combine  the  two  papers  into  one  and  thus  secure 
earlier  publication.     The  manuscript  as  thus  combined  is  offered  as 
one  of  the  water-supply  and  irrigation  papers. 

In  the  earlier  numbers  of  this  series  considerable  space  has  been 
[given  to  the  subject  of  windmills  and  discussions  of  the  results 
obtained  by  experiments.  These  facts  have  been  presented  in  the 
bope  of  stimulating  the  development  of  more  economical  and  effi- 
cient methods  of  raising  water  for  irrigation.  In  the  present  paper 
tDother  phase  of  the  matter  is  presented,  and  it  is  shown  that  by  the 
itee  of  material  at  hand  a  thrifty  and  ingenious  farmer  can  produce 
Desnlts  worthy  of  imitation.  It  is  not  to  be  supposed  that  homemade 
devices  will  be  as  efficient  as  those  made  for  competition  in  the  open 
Hiarket,  but  in  the  country,  far  from  centers  of  population,  it  is  not 
Ulways  practicable  for  the  farmer  to  obtain  such  machinery.  Lack  of 
|i^dy  money  and  difficulty  of  transportation  may  prevent  his  obtain- 
ing the  best  windmill  or  pump.  Under  these  conditions  it  is  infinitely 
^tter  for  him  to  use  the  means  at  hand  rather  than  go  without.  It 
has  been  shown  by  Professor  Barbour  that  where  one  man  in  a  com- 
tnunity  invents  and  builds  a  useful  device  of  this  kind  others  are 
^nick  to  imitate,  so  that  one  homemade  windmill  or  pump  is  copied 
On  neighboring  farms  for  miles  around. 

It  is  pointed  out  in  this  paper  that  the  homemade  windmill  is  not 
^eoessarily  a  contrivance  incident  to  i>overty  or  hardship.     Many  of 

the  mills  of  this  kind  have  been  made  by  men  who  might  aftord  to 

\\ 


12  LErrEH    OK    TRANaMITTAU    ] 

buy  »lii)pmaile  mills,  but  whu,  haviog  sufficient  ingenuity  and  pos 
sing  the  necessary  materials,  have  prefeiTed  to  combine  tln«« 
produce  efifective  machinery.  They  have  merely  exercise<l  in  i 
dir(H!tioii  the  thrift  whose  existence  Is  shown  by  countless  other  tok 
about  their  farms.  The  homemude  windmill  must  not,  therefore, 
considered  an  indication  of  poverty,  but  rather  the  reverse,  sine 
is  usiially  accompanied  by  progress  in  all  lines. 

The  subject  matter  of  this  paper  is  related  to  water  conservatioi 
the  small  way.  Throughout  the  Great  Plains  region  the  suppl] 
water  is  so  scanty  and  so  widely  disseminated  that  as  a  rule  it ' 
be  impracticable  to  provide  great  storage  reservoirs  or  other  worki 
considerable  magnitude.  On  the  other  hand,  for  the  utilization 
the  resources  there  must  be  innumerable  attempts  to  employ 
small  amount  of  water  almost  everj'where  available;  and  this  cai 
done  most  economically  through  the  use  of  the  ever-preeent  fore 
the  wind.  Thus  windmills  throughout  at  least  one-fourth  of 
United  States  must  ever  be  inseparably  connected  with  the  utiliial 
of  wells  and  with  the  development  of  the  country. 
Verj'  respectfully, 

F.  H-  Nkwblx^ 
Hydrograpber  in  Chargi 

Hon.  Charles  D.  Walcott,  , 

Director  United  States  Qeological  Survey.  J 
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By  Erwin  HmcKLBY  Barbour. 


IMPORTANCE  OF  WATER  RESOURCES. 

li^ebraska,  as  in  other  portions  of  the  Great  Plains  region,  the 
stpal  source  of  wealth  lies  in  the  soil.  The  fertility  of  this  section 
KTvelous  and  agricultural  possibilities  are  such  that  subsistence 
l>e  obtained  for  a  population  of  several  millions;  yet  this  domain 
»r  tlie  most  part  sparsely  populated,  the  progress  of  settlement 
1[>eeii  ebecked,  and  the  tilled  areas  are  increasing  in  extent  but 
ly.  Tliis  apparent  cessation  of  progress  during  1894,  1895,  and 
i,  eBpecially  in  the  western  half  of  the  State,  is  due  mainly  to  one 
le,  tbe  insufficiency  of  rainfall. 

xoept  tlie  soil  and  its  products,  the  natural  resources  of  Nebraska 
fe^w.  The  consolidated  rocks  are  deeply  buried  beneath  clays, 
fls,  and  gravels;  there  are  few,  if  any,  minerals  of  commercial 
ae,  no  beds  of  coal  nor  veins  of  ore,  no  fields  of  gas  nor  oil,  but 
»r,  O'wing  to  its  comparative  scarcity  and  its  importance  in  agri- 
tnral  economy,  rises  to  the  rank  of  a  mineral  resource  of  the  great- 
importance.  The  development  and  employment  of  all  of  the  sup- 
'  flowing  on  the  surface  or  percolating  underground  necessitates  a 
idy  as  thorough  as  that  given  by  other  States  to  coal,  iron,  or 
scions  metals. 

rhis  pai)er  has  been  prepared  as  a  preliminary  study  of  the  water 
>blem  in  Nebraska.  In  it  the  attempt  is  made  to  review  briefly  the 
leral  subject  of  the  water  supply,  to  bring  together  the  more  obvious 
5t»,  and  to  state  these  so  that  they  may  be  understood  by  the  farmer 
citizen  not  skilled  in  technical  or  scientific  practice.  The  facts 
wbich  the  paper  is  based  were  gained  in  part  by  personal  obser- 
tion,  and  were  supplemented  by  correspondence  carried  on  by 
inted  schedules  and  letters.  The  discussion  is  general  in  character, 
mating  of  the  behavior  of  water  underground,  and  particularly  of 
b  methods  of  bringing  it  to  the  surface  for  domestic  use  and  for  use 
agriculture.     Reference  is  also  made  to  the  surface  waters  of  the 

Bfotas  and  data  respecting  wells  have  been  hrcmfirbt  down  to  the  spring  of  1807;  those  respoot- 
wlndiiilUs  to  the  spring  of  1890. 
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StHte  and  the  amonnt  of  rainfall,  some  facts  are  given  <M)ncemini;  ll 

aalt  or  saline  waters  and  their  utilization,  and  the  peculiar  blo' 
breathing  wells  are  briefly  described. 

A(:TI0N  op  water  rXDERGROirND. 

Air,  which  is  the  vehicle  for  moistore,  can  carrj'  a  greater  tua 
when  it  is  dry,  warm,  and  in  motion.     If  the  air  is  cooled,  it  can 
lonjfer  carry  its  burden,  which  is  dropped  from  the  cloads  as  r^ 
Follow  the  course  of  the  raindrops,  or  the  circulating  water,  as  it 
aptly  called,  from  the  moment  of  im[Mict  with  the  surface  and  it 
be  seen  that  (t)  a  portion  runs  off,  washing  eastern  soils  badly, 
washing  western  less;  (2)  a  portion  soaks  in,  since  the  soil  is  san^] 
as  it  does  not  in  clay  soil;  (3)  a  portion  is  evaporated,  the  avei 
annual  evaporation  in  Nebraslca  amounting  to  4  or  5  feet;  and  (4 
a  portion,  insignificant  in  amount,  is  taken  up  by  plants  and  animiil 

The  portion  that  soaks  into  the  soil  sinks  by  its  own  weight  deep* 
and  deeper  through  the  capilhiry  or  hair-like  passageways  and  is  I< 


Plij.  1,— Course  ot  water  perco 


to  sight.  It  is  universal  experience  that  the  soft,  permeable  surfiw* 
material  may  change  below  to  hai-der  or  even  impermeable  layers.  Then 
it  is  that  the  water  in  its  downward  course  is  turned  aside  to  flow  lale^ 
ally  in  all  directions.  Friction,  however,  greatly  retards  its  movement. 
Constant  additions  are  received  as  the  rains  continue,  so  that  Its 
ereepingwaterspileup,  asit  were,  and  gradually  rise  higher  and  higlier;! 
that  is,  the  water  table  or  water  plane  is  rising. 

As  the  process  continues  the  creeping  layer  must  rise  in  or  nest 
the  surface  of  the  soil,  and  thus  the  gi-oimd  becomes  water-logged— 
that  is,  soaked  or  saturated  with  water.  (See  fig.  1.)  At  such  times 
springs  are  flowing,  the  ponds  and  streams  fed  by  them  are  full,  wfils 
are  inexhaustible,  and  vegetation  is  luxuriant  and  continues  so  dur- 
ing drj'  weather  or  even  moderate  drought.  Let  the  season  of  drou^'bi 
continue  and  the  creeping  waters  eventiuiUy  steal  away,  and  the  satu- 
rated area  is  reduced  to  nothing;  that  is,  the  water  table  is  settling. 
At  such  times  ponds,  springs,  wells,  anil  slrenms  may  fail — the  iimre 
superflcial  first,  the  deeper  last.  Fresh  showei-s  cause  them  slowly  w 
rise  agaJD,  or  perhaps  they  may  riso  wilhout   precipitation  by  atces- 
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HiH  of  water  ab«ome  more  remote  spot,  or  from  the  seepage  oF  some 
rer  swollen  by  floods  at  ita  source.  Or,  in  atill  a  third  case,  they 
ay  rise  in  an  apparently  myaterioDs  manner  without  the  interven- 
ou  of  showers  or  flood,  simply  because  of  hydrostatic  connection 
ith  some  other  region  which  is  flooded. 

The  water  table,  then,  is  subject  to  rise  and  fall  because  of  water 
Meive<l  at  home  or  from  abroad.  It  is  not  an  entirely  stable  body 
leserving  a  constant  level,  bat  is  subject  to  seasonal  variations  and 
•nations  incident  to  cycles  of  dry  and  wet  years.  The  water  table 
mot  necessarily  level,  but  is  usually  bo,  for  instead  of  following  the 
oeky  floor  the  wat«r  table  may  run  parallel  with  the  surface.  The 
bor,  as  well  as  the  surface,  is  apt  to  be  undulatory  and  the  water 
lue  or  table  higher  or  lower,  according  to  the  material  passed 
trough,  to  the  escape  of  the  water,  and  to  other  modifying  causes, 
ieefig.  2.) 

The  ground  water  or  free  water,  as  it  may  be  called,  is  evidently  in 
rcnlation  and  subject  to  fluctuation.  The  wells  of  the  region  like- 
ise  vary,  although  this  is  scarcely  worthy  of  mention  in  the  case  of 
ebraska,  from  the  fact  that  nearly  all  of  the  counties  report  an  unlim- 
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ed  water  supply,  with  inexhaustible  wells.  When  the  water  table 
Bes  to  within  half  a  yard  of  the  surface,  vegetation  suffers  or  is 
rowued  out.  On  the  other  hand,  when  the  water  settles  too  far, 
Isnts  may  suffer  equally  from  lack  of  water  to  carry  soluble  plant 
»d  to  their  i-oots  and  rootlets.  When,  however,  the  water  table 
lands  at  a  mean  level  between  these  two  extremes,  the  fields  of  the 
tate,  with  an  annual  rainfall  of  but  23.3  to  2.5  inches,  produce  crops 
ad  withstand  droughts  in  a  manner  astonishing  to  the  citizens  of 
sgions  possessing  double  the  annual  precipitation.  At  flrst  it  seemed 
icredible  that  such  niagniflcent  yields  conld  come  from  ho  insignifl- 
Mt  a  rainfall.  Nevertheless  the  fact  stands.  There  are  two  appar- 
nt  reasons  for  this.  The  rainfall  in  many  eastern  regions  amounts 
)  35  or  40  inches,  but  one-half  is  lost  by  running  off  and  carrying 
1th  it  valuable  soil  fertility,  the  other  half  soaking  into  the  ground, 
liile  in  Nebraska  the  water  lost  as  nin-ofl  is  only  about  one-tenth, 
trace,  here  a  far  greater  proportion  of  storm  water  is  stored  foi' 
uture  use.  This  is  largely  due  to  the  sandy  nature  of  the  soil.  Even 
nne  of  the  so-called  clay  soils,  though  looking  and  acting  like  clay, 
n  in  fact  exceedingly  fine  sand. 
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From  the  mechaDical  analyses  of  soils  and  stibsoils  made  thtis  fariE 
is  shown  that  Nebraska  soils  are  peculiarly  rich  in  sands  and  poor  in 
ulays.  The  amount  of  sand — including  iu  thiti  t^^rni  coarse,  inediiin], 
and  fine  sand  and  silt — runs  as  high  as  97  to  93  per  cent'.  The  lowest 
percentage  thus  far  is  about  6G  per  cent,  while  the  average  is  prob- 
ably about  78  per  cent,  based  ou  the  analyses  made  by  Prof.  Milton 
Whitney,  of  the  Department  of  Agrieulture.  In  a  word,  there  is  a 
preponderance  of  sand  in  Nebraska  soils,  which  renders  Ihem  at  once 
light  and  capable  of  readily  imbibing  a  larger  proportion  of  rainfall 
than  is  possible  in  eastern  States.     This  Is  a  very  signiflcAnt  fact. 

The  more  one  cultivates  the  virgin  prairie,  which  when  hard  packed 
sheds  water  like  a  roof,  the  greater  will  be  the  amount  of  storm  water 
caught  and  stored  in  the  soil  and  the  less  the  nin-olT  and  evaporation.  ^ 
Increased  cultivation  tends  toward  the  conservation  of  soil  moisture, 
and  this  in  turn  reacts,  making  it  possible  to  catch  more  moistnTe^ 
since  soil  already  damp  imbibes  more  rainfall  than  n  dry  soil.  ThoB 
ae  settlement  goes  on  the  amount  of  precipitation  absorbed  increaBol 
and  the  amount  lost  becomes  even  less.  This  statement  must  not  tM 
confounded  with  the  popular  but  erroneous  belief  that  the  anniut 
precipitation  is  increasing. 

But  when  the  spring  rains  cease  and  a  season  of  settled  weatiief 
or  possibly  drought  sets  in,  and  the  surface  soil  dries,  a  force  of  gnat 
interest  and  of  profoundest  importance  begins  to  act.  This  force  is 
capillarity,  by  virtue  of  which  watjsr  is  drawn  up  through  the  miuuti?, 
hair-like  passageways  of  the  soil  and  sub.ioil,  rising  automatically  I 
as  much  as  6  or  7  feet.  This,  then,  is  a  second  waj-  by  which  water 
is  held  in  the  soil,  and  its  far-reaching  im^Ktrtance  is  instantly 
apparent  when  one  considers  that  the  very  passagcwaj-s  up  which  tbia 
water  is  drawn  are  those  down  which  i-ootlets  grow.  Soil  moisture 
laden  with  soluble  plant  food  is  thus  carried  np  to  the  rootlets  or 
feeders  of  growing  vegetation.  Crops  and  grasses  are  nourished  by 
capillary  water  and  saved  by  it  uninjured  in  time  of  drought,  even 
during  seasons  of  long-protracted  dryness  (if  not  accompanie<l  by  hot 
winds),  such  as  could  not  but  blight  crops  and  grasses  elsewhere. 
However,  it  is  not  to  be  forgotten  that  this  force  works  equally  well 
both  ways,  thereby  carrying  moisture  up  or  down,  according  as  the 
surface  soil  or  the  deep  subsoil  is  the  drier.  This  only  emphasi^P* 
the  importance  of  utilizing  all  available  rainfall  in  saturating  ibe 
deeper  soil  as  completely  as  possible,  in  order  that  the  full  energy  of 
capillary  attraction  may  be  expended  in  drawing  soil  moisture  lo  the 
rootlets. 

Thus  far  two  means  have  been  considered  by  which  water  is  held 
by  the  soil — first,  as  ground  water,  sinking  by  gravity,  and,  second,  ** 
capillary  water.  There  is  another  means  so  subtle  and  concealed  n* 
to  meiit  little  more  than  passing  notice — hygroscopic  water,  which  is 
jnboreni  in  many  minerals,  rocks,  soils,  and  substances,  and  maybe 
obOtiaad  by  ion^- con  tinned  roasting. 
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SHEET  WATER. 

There  is  in  common  parlance  a  rather  indefinite  and  puzzling  use 
the  terms,  first,  second,  and  third  water,  and  sheet  water.  By  first 
ter  is  meant  the  first  surface  water  that  seeps  into  the  weil ;  a  supply 
en  weak  and  readily  exhausted.  By  second  or  sheet  water,  as  it  is 
imonly  called,  is  understood  the  deeper  ground  water,  which  is 
imited  in  amount,  since  it  is  contained  in  i)orous  mat^erial  that 
vers  water  rapidly.  Third  water,  as  the  term  is  popularly  used, 
oubtless  the  same  second  water  struck  at  a  lower  level,  after  pass- 
through  a  local  layer  of  fine  material  of  slow  delivery, 
[leet  water  is  a  greatly  abused  term,  about  which  has  gathered 
e  impressions  not  easily  dispelled.  It  carries  with  it  wherever 
i  the  idea  of  subterranean  water,  flowing  at  an  exaggerated  rate 
er  the  ground.  It  is  perfectly  true  that  ground  water  flows  and 
t  it  has  certain  channels,  naturally  decided  by  the  coarseness  or 
ness  of  the  material,  but  one  hears  repeatedly  of  well  diggers 
king  subterranean  currents  of  sheet  water  flowing  at  the  appar- 
ly  incredible  rate  of  4  or  5  miles  an  hour,  a  faster  rate  than  that 
tjie  Platte  itself.  This  fallacious  statement  is  made  repeatedly  in 
sincerity  and  good  faith.  A  very  popular  conception  of  this  tor- 
tial  sheet  water  is  that  it  is  the  angry  and  pent-up  floods  of  sub- 
ranean  caves,  which  are  seeking  outlets  to  the  sea.  This  erroneous 
ception  is  worse  than  fallacious;  it  is  entirely  misleading. 

• 

Tiere  is  no  such  current  in  the  sheet  water,  and  there  are  no  such 
ensive  caves  and  underground  lakes,  and  can  not  be  in  the  sandy 
I  of  Nebraska.  Caves  are  formed  in  limestones,  not  in  sands,  for 
urally  the  sand  would  cave  in  and  fill  any  great  underground 
isageways  as  fast  as  formed.  This  misconception  comes  about 
mrally  enough  in  some  cases,  and  is  cherished  with  a  faith  not  to 
shaken.  The  well  digger,  who,  while  bailing  or  pumping  out  the 
ber  on  one  side  of  the  well,  sees  water  flowing  in  from  the  other, 
I  tell  without  hesitation  in  which  direction  the  water  flows,  for  he 
as  seen  it  himself ;''  but  let  him  set  his  x)ump  on  the  opposite  side 
the  well  and  the  current  will  set  in  from  the  other  direction. 
)f  course  there  is  a  current  whose  rate  is  regulated  by  the  coarse- 
«  or  the  fineness  of  the  material  through  which  it  flows,  but  this 
ae  current  is  inconceivably  slow.  Coarse  material  with  rapid 
ivery  of  water  may  have  a  current  as  slow  as  a  fraction  of  a  foot 
ay,  or  as  rapid  as  several  feet  a  day,  while  in  fine-grained,  compact 
I  the  rate  is  reduced  to  little  or  nothing.  A  better  understanding 
the  power  of  delivery  of  various  materials  would  correct  many  of 
ee  errors. 

f  an  old  pail  or  keg,  having  holes  in  the  bottom,  is  filled  with  clean, 
rse  pebbles,  and  a  stream  of  water  poured  in,  the  rate  of  delivery 
)ractically  as  rapid  as  the  rate  at  which  the  water  is  i>oured.     Its 
eis  so  rapid  that  the  water  flows  down  thro\xg\v  XYift  ^jrois^va.^ 
IBB  29 2 
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oolumo,  uftireely  welting  the  other  pebbleo.  WitU  the  oaad,  howevai 
the  water  sprendn  out  or  is  diffused  through  much  or  all  of  the  maas 
and  is  delivered  slowly  at  the  bottom.  In  the  silt,  which  is  impalpabl; 
fine  sand,  the  rate  is  still  slower  and  the  whole  mass  is  saturated  witi 
water.  luclay — the  fineness  of  which  is  extreme — there  is  no  deliver; 
at  all  in  experimeut  and  practit-ally  none  in  nature.  Mix  togethe 
^  gravel,  »and,  ailt,  and  clay,  about  us  they  occur  in  nfttnre,  ftnd  tb 

Iiate  becomwi  about  the  same  as  that  of  the  tinest  material — that  ie 
■water  is  delivered  with  extreme  slowness. 

This  set  of  experiments  tends  to  show  the  rale  at  which  water  cai 
flow  through  soil  or  rock  of  various  degrees  of  porosity,  and  dispro\'8 
ibfi  statement  that  the  velocity  of  underground  curreutti  is  in  any  w, 
fOomparable  with  that  of  surface  streams. 

r 

ARTESIAN    WATKH. 

Ground  water  is  almoeit  univerHal  and  is  the  source  of  the  ciuppl 

of  common  wells.     In  addition  to  this  there  is  the   extraordinoi 

ttublerranean  water  which  supplies  artesian  wells.     In  the  commc 

house  well  the  water  seeps  in  and  stands  quietly  at  a  certain  leve 

In  the  artesian  well  it  comes  iu  under  pressure.     This  is  the  obI 

I  fiGBential  difference  between  the  two.     The  artesian  wells  in  Artoi 

E^rauce,  from  which  the  name  "artesian"  is  derived,  were  the  fin 

'  dug  an<l  observed.     These  were  spouting  wells  from  deep  aourca 

hence  tlu-  term  artesian  presupposes  in  the  public  mind  a  spoutiii 

well  from  deep-seated  sources. 

This  early  conception,  however,  is  not  the  true  one.  Many  art 
sian  wells  are  shallow,  not  over  GO  to  SO  feet  in  depth,  but  yet  ai 
true  artesian  wells.  Many  throw  fine  streams  from  a  few  inches  1 
several  feet  high,  and  are  unquestionably  artesian  wells;  but  a  sho: 
distance  away  at  a  higher  level  the  same  water  will  rise  in  the  we 
nnder  the  same  pressure  and  is  likewise  artesian,  even  though  tb 
head  is  not  sufficient  to  force  it  above  the  surface.  The  one  is  a 
active,  positive,  flowing  artesian  well;  the  other  a  negative,  passiw 
or  standing  artesian  well. 

In  Johnson  and  Seward  counties  the  shallow  artesian  wells  ar 
beautifully  represented.  They  occur  in  valleys  where  the  surfao 
has  been  washed  away  and  lowered,  thus  enabling  the  pressure  o 
"  head  "  to  force  the  water  above  the  surface  10  to  12  feet.  On  thi 
level  flowing  wells  are  everywhere  to  be  found,  which  are  already  pu 
to  many  economic  uses,  and  farms  which  are  models  of  their  kin 
draw  their  water  for  irrigation  from  this  source  with  no  cost.  Thef 
are  positive  or  flowing  artesian  wells.  On  farms  a  few  feet  higbf 
precisely  the  same  water  is  struck.  It  rises  to  the  surface,  but  ca 
not  flow  over  it. 

It  is  universal  experience  that  rocks,  some  soft  and  porous,  son 
dense,  ui-e  found  in  the  State  arranged  in UoTVutntal  beds.     Thedensi 
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irill  oonstitute  the  impervious  jacket  around  the  more  porous 
.  The  layers  which  are  deeply  buried  here,  and  but  inappre- 
tipx>ed,  may  come  to  the  surface  elsewhere  and  form  a  catch- 
basin,  x>Qrhaps  at  a  point  far  distant,  as  is  the  case  presumably 
^he  deeper  wells  found  along  the  northern  and  northeastern 
ary  of  the  State. 

artesian  wells,  as  far  as  reported,  fall  into  four  rather  natural 
s,  as  follows:  The  deep  wells  of  the  Carboniferous,  such  as  those 
ktrice,  Lincoln,  and  Omaha,  varying  from  556  to  2,463  feet;  the 
m  wells  of  the  Dakota  sandstone,  300  to  400  feet  deep,  being 
binuation  into  Nebraska  of  the  South  Dakota  artesian  basin ; 
lallow  wells  in  glacial  sands  and  clays,  such  as  those  at  Cook, 
T  Crossing,  and  elsewhere;  and  other  shallow  wells  not  in  the 
such  as  those  in  Holt  and  Rock  counties.  (See  PI.  I,  B,) 
re  are  local  artesian  basins  in  the  State  which  are  more  easily 
uased  than  the  deep  wells.  There  are  small  basins  of  10  to  15 
9  miles  each  in  the  valleys  of  streams,  depressed  noticeably 
the  general  level  of  the  surrounding  hills.  Within  this  circum- 
d  area,  wherever  the  impervious  roofing  or  encasement  of  clay 
t5ed — ^the  depth  var3dng  from  40  to  100  or  more  feet — there  comes 
Qg  and  constant  flow.  Such  wells  are  too  shallow  to  come  from 
which  draw  their  water  supply  from  a  distance,  so  that  it  is 
lary  to  look  for  some  other  explanation. 

I  at  once  apparent  that  this  artesian  supply  is  drawn  from  beds 
^mating  gravel,  sand,  and  clay,  deposited  by  glacial  action  dur- 
le  ice  age,  and  that  it  is  rather  limited  and  local,  though  none 
»  important,  as  has  been  sufficiently  demonstrated  by  its  mul- 
>us  uses  at  Beaver  Crossing  and  adjoining  localities.  Farther 
tream  the  wells,  instead  of  growing  stronger,  grow  weaker, 
s  due  to  some  leak  or  escape  of  the  water  through  the  imper- 
slay  roof,  which  results  in  a  reduction  of  head  or  pressure  in  all 
)nt  wells. 

alternating  and  confused  arrangement  of  these  beds  comes 
naturally,  because  of  the  way  in  which  the  glacier  and  iceberg 
ted  coarse,  medium,  and  fine  material  together  into  heteroge- 
piles — clay  here,  sand  there;  sand,  gravel,  and  pebbles  else- 
The  porous  gravelly  layer,  incased  above  and  below  by  layers 
y,  is  not  necessarily  of  uniform  texture,  but,  instead,  there 
among  the  coarser  material  patches  or  islands  of  finer  material. 

as  the  well  is  in  this  patch  or  that,  its  head  or  pressure 
e  accelerated,  retarded,  or  stopped  outright,  according  to  the 
f  delivery  of  water  in  coarse,  fine,  or  clayey  material.  One 
it  Cook,  Johnson  County,  in  the  midst  of  flowing  wells,  has 
,  and  always  must  fail,  to  furnish  artesian  water,  and  there  is 
sntly  nothing  anomalous  in  the  case.  The  farm  is  over  what  is 
a  **  clay  island."  All  the  wells  dug  on  this  farm  penetrate  clay 
smd,  of  course,  one  can  not  hope  to  strike  arVAaVaiL^^XASt  X^^'^*^ 
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»_«>»a. 

Connlr- 

Town. 

Depth. 

Y. 

1^1. 

tor  6  foot  BboTO  mr- 

Facv;  salt  watsr. 

Artoilju  well,  OoT- 

....do 

i.ua) 

Bedrookatwroet;«ll 

^m»ntmin»^ 

water  100    feel;    BrM 
Bow  seo  foet 

Strong  flow;  italt  wstar: 
l(»,0»c»lloiispardw- 

VUlow  Bpringa  dia- 
tlU«T(>rIler'*w^. 

to 

second  flow  at  1,700  feet; 

1.800 

prexBure  37  poaDds  per 
sqiuire  inch:  UBad  for 
boiler. 

Plck>rd-B   or  "WbU 

do 

e  miles  west  of 

1,383 

Heavy  fl  ow  at  M;  feet,  07(1 

No- 1." 

Omshs. 

taet,  and    S»i   (Bet: 
BtTongeat  flow  at  I/W 

pound.- 

ConrtlsDd  fieach  at 

do 

3  mile*  nortb- 

vm 

Unob  pipe:  Uirow8  wa- 

Cat-off Likn  wea 

eut  of  Omaha,  u 

ter  to  feet:  88,000  gal- 
lonapwday. 

BlverWav  Park  well. 

do 

imilMKDttior 

i.ou 

4-lDch  pipe:    Ut.tf7  bbI- 
loBS  per  da;:  aUghtlr 
■aUtie.    Feedaalakeof 

OmBliapKkiDBCom- 

do 

South  On«La.... 

Nt«ativriartortuni.riaiaK    . 

pmr- 

7I]  feet  to  snrtoco;  ' 
strongly  mineral.  Tam-j 
pemture.    02°.      Tool 
warm(Drc<«idoaBer^    ! 

Wllllua  Seu-Tllle  . . 

BiiSd 

T.3t,R.8 

:m 

Coat.  12,000:  used  tor  irri- 
Btttion;  100  gallons  por 
minute. 

C«LMDll6lt 

..—do 

aecS.T.iH.E.l; 

UboA  Tor  irrigation:    li   . 
barrels  per  mlnnto. 

O.L.Eminoii« 

do 

8«.18,T.33.E-h 

' 

Used  tor  irrigation;  £,000 
barrcla  per  dtty;  cost. 
11,000, 

Alnsworlh,  In 

porinlnQto;  soft  water:  1 

8Ba.B.  T.  W.  K. 

.:cmt.ta.  Ol 

K. 

inch,  for  city  waterBiip- 

ply. 

CSf»lB 

^° 

cm« 

lai 

CO,  blown  oO'  rorEwi- 

eral  days. 

a  Really  In  Iowa,  becaojw  of  meanden 


lABOOB.] 


jlbtesuk  water. 
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Name  of  welL 

County. 

Town. 

Depth. 

Tear. 

A.  E,  Johnson 

Cass 

Weejdng  Water, 
sec.  16,  T.  10,  B. 
12. 

Feet. 

8 

Ceased  to  flow,  1804 

Komeroof  wells 

C.  A.  Johnson 

A.8trooc 

Cedar 

100 
17 

Average  cost,  $146;  hard 
water. 

Sli^t  pressure;  cost,|80; 
hard  water ;  100  gallons 
per  hour;  railroad  well. 

Soft  water 

Cherry 

do 

Woodlake,    see. 
21,  T.  81,  B.  28. 

Beo.  21,  T.  81,  B. 

1802 
1882 

B.  A.  Jones 

Cheyenne 

Coming 

Dawes 

do 

28. 
Near  Sidney,  sec. 

20,  T.  18,  B.  46. 
Wisner 

04 
97 

86 

82 
18.6 

407 
266 

484 

804 
1,260 

110 

140 
176 

460 

66  to 
120 

Negative  artesian;  cost, 

176;  by  aid  of  pump.  6 
Used  for   irrigation;    2 

barrels    per    minute; 

hard  water;  cost,  $97. 
12-inch    stream,    easily 

lowered;  hard  water; 

cost,  $60. 
600  gallons  per  day;  soft 

water;  cost,  $100. 
2-inch  pipe;  soft  water; 

good    pressure    until 

filled  with  sand. 

60  gallons  per  minute 

do 

1886 

J.LMelcher 

1806 

• 
P.G.Cooper 

Crawford...^ 

Sec.  26,  T.  88,  B. 

62. 
Sec.  18,  T.  82,  B. 

62. 

H.E.  Grant 

1888 

JaiDMlfoceUer 

do 

1801 

'P.Byin 

Dizon 

do 

1886 

Do 

do 

1804 

^Xattlson 

do 

7  miles  from 
Ponca. 

8  miles  north  of 
Hooper. 

Beatrice 

Flowed  three  weeks  and 
stojyped;  stands  6  feet 
below     the     surface; 
cost,  $60. 

40  gallons  per   minute; 
hard  water. 

Very  salt;  dug  for  city 
supply  and  abandoned; 
intermittent  fiow. 

Flows  6  feet  above  sur- 
face; soft  water;  cost, 

$u. 

.  Soft    water;     constant 

fiow;  cost,  $30. 
8  feet  above  surface;  soft 

water;    6  gallons  per 

minute;  cost,  $37. 
4  gallons    per   minute; 

soft  water;  cost,  $226. 
Soft  water;  average  cost, 

$10  to  $80. 

1888 

Fred  Heine 

Dodge 

Gtage 

1802 

Bettrice 

J.J.Connoly 

Garfield 

do 

do 

Qrant 

Holt 

Frlna  . . . . , 

1804 

PAMcDonaJd 

^vijamin  Jones 

A.  J.  Pliifner    , 

Sec.  16,  T.  24,  B. 

14. 
Sec.  22,  T.  24,  B. 

14. 

Hyannis,  sec.  28, 
T.26,B.28. 

1804 
1804 

1896 

^m&eroos  wells 

*^^»rdD©Merritt.. 
^•^nisn  Kracker 

Hooker 

Johnson  

do 

Mullen 

4i    miles    from 
Elk  Creek,  sec 
84,  T.  4,  B.  12. 

4  miles  from 
Cook,  sec.  1»T. 
6,  B.  10. 

146 
80 

Cost,  $200 

1804 

'•  J- Wilson  (»weD8). 

8  wells  cost  $00;  fine  soft 
water,  c 

1896 

a  Average  depth. 

6  Used  to  water  2,000  sheep  and  to  irrigate  garden. 

eOnm  well  from  4-bich  nozzle  keep^  a  1-acro  pond,  4  teat  de«p,  tuYkaSiX.  \^\A\.Vm!a. 
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Jobn  Coker . 


Lev  WIlllUDH  . 


Wblte  Witter  nuoh . 
Aa^uBtTuuieliUl... 


Oea.  Yonnc 

J.  U.Bnrrlaa... 


Qua.  DOTDMHI  - . 


WniPBttOTWlIl.. 


J.  F.  Wonil 

Jotin  UcKende.. 


John  Beckntram . . 


4  mllea  from 
Cook.  aeo.  e,  T, 


e  mUes  tTom 
SotliertiiDd. 
see.  B.  T.  14.  B. 
SI. 


Hoc.  3S,  T.  SCI.  B. 


ST.  T.  as,  B.  I. 

SmiieatromPnl- 
lortoli..^oP.  !1. 
T.  IT.  E.  8. ' 


33.T.  3.  R.  II, 


Hard  watar 

Coot  t^i  soft  V 

gaJlons  permii 
Cost  116:  IS  Kail 

boor:  9oft  wat 
Camt  IW;  ao  gaU 

mlaois;  medlD 


St  ta>;  oue  bai 


r<>etttll;11ovniD 
sum:  Kilt  WHte 

Used  for  IrrisaCl 
IIM;  Hoft  wate 

I  Majority  ahallO' 
from  (50  to  110): 
and  atberg  sof 


linon.^ 
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lAst  of  artesian  toeils — Contintied 


Name  of  well. 


Fnnk  Nichols. 


KmywelUi 


County. 


B«d  willow 


Dr.Oeo.L.  Miller 


Rock 


8«rpy 


7  miles  from 
Omaha,  sec.  2, 
T.  14,  R.  12. 


Dr.  JoR.  Miller. 


Mu7  wells 


ScottflBlnff.  '  Gerlng 


Seward 


Dr.R.  Person '  Staoton 


^  C.  Schwann 


Valley 


William  Fetch I  Washin^rton 

I 
^Ull»in  Bntledjre do 


Solomon  Sheets ' do... 

I 

^nywells Wheeler 


8  miles  from  Pil- 
ger,  8ec.6.T.8, 
R.  8. 

7  miles  from  Ord . 

Herman 

do 

do 


Depth. 


^  B.  Codding 


^Qgene  Wright  ^two 
»ell«). 

^«T7Hm 


York I  York 


Feet. 
405 


»5 

to 

143 

1.490 


.•WO 


13 

to 

100 

96 


70 
76 


Remarks. 


CostliiOO;  oily  water  and 
weak  flow,  bat  flow  has 
increased;  experi- 
mental well. 

Most  costing  from  $30  to 
$40:  all  soft  water. 


Cost  $5,000:  pressure  15 
pounds  to  square  inch ; 
soft  water;  fine  arte- 
hian;  supplies  a  30-acre 
lake  for  ice  and  fish. 

Cost  $300;  at  first  had  a 
flow  of  1 ,000  gallons  per 
day,  but  filled  up  with 
sand  and  a  pump  is 
DOW  used;  soft  water. 

Used  for  irrigation; 
some  hard  and  some 
soft  water,  ranging 
in  cost  from  $18  to  $66. 

Used  for  irrigation;  cost 
$T7;  hard  water;  declin- 
ing flow,  about  4  bar 
rels  per  minute. 

Cost  $52;  soft  water; 
15  gallons  per  hour. 

Cost  $75;  soft  water; 
good  flow. 

Cost  $25;  hard  water; 
free  fiow. 

Cost  $26;  hard  water;  3 
gallons  per  minute. 

Cost  from  $8  to  $75;  all 
soft  water. 

Unfinished;  cost  $300; 
flowed  5i  hours,  then  9 
hours,  and  stopped; 
driU  is  fast  in  sand 
rock  000  feet  deep. 
Water  to  be  used  in 
mill  pond. 

Cost  $200;  power  wanted 
for  flour  mill,  but  flow 
at  500  feet  too  weak. 

Salt  water;  15  barrals 
per  day. 


Year. 


1806 


IHOl 


1894 


1895 


.  I 


1893 
1897 
1894 
1894 


1896 


^ese  local  artesian  wells  are  already  turned  to  admirable  account 
*^  supplying  ponds  for  fish  culture,  fountains  for  school  yards  and 
P^^ks,  and  water  for  domestic  use  and  for  irrigation.  (See  PI.  II,  A  and 
^' )  The  last-named  use  is  destined  to  become  of  considerable  economic 
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importance,  8om«  farmers  have  Already  from  eiRhi  to  t«ii  S-indi' 
weU8  per  farm  with  which  to  irrigal*  over  100  acren  mk^.  Th» 
number  who  have  tapped  the  subterranean  reaervoir  and  aUowe^ 
the  imprisoned  water  to  escape  and  Xo  flow  away  aimleasly  nod  use- 
lessly far  exceeds  those  who  have  pat  it  to  intelligont  use.  There  L« 
enough  artesian  water  wasted  thus  to  irrigate  whole  farmit.  Whiw' 
renders  this  raatt«r  all  the  more  deplorable  is  the  obstinacy  of  m»n3 
people  in  insisting  that  the  supply  can  n(»t  be  exhausted.  This  vie* 
is  wholly  fallacious,  am]  if  persisted  in  may  result  in  damaging  M 
deBtroyiug  allogether  an  important  resource.  Every  well  ilng  ihuhI 
diminish  the  head  or  pressure  that  much,  whether  the  amount  is 
perceptible  or  not.  Unrestricted  abuse  of  these  water  privileges  i?aii 
Imt  result  disastrously  here  as  elsewhere.  All  this  water  should  be 
most  conscientiously  used  and  conserved. 

In  several  localities,  noticeably  in  Rock  County,  near  Kirkwood, 
there  are  strong  springs  which  boil  up  with  such  force  that  if  the 
water  be  confined  by  placing  severtil  joints  of  old  stovepipe  iu  tht 
throat  of  the  spring  the  pressure  is  sufficient  to  force  the  wat«i 
several  feet  above  the  surface.  Springs  of  this  kind  are  numerous, 
especially  in  this  vicinity.  Since  the  water  rises  under  pressure,  th< 
name  "artesian  spring"  is  applicable.  Similar  springs  in  Johnsoi 
County  are  calloil  "mound"  springs,  because  the  water  in  the  ceut«i 
appears  to  boil  up  and  is  higher  than  that  of  the  edge.  This  botlinf 
occasionally  gives  them  the  name  "kettle"  springs.  Such  spring) 
near  Sterling  are  30  feet  across,  and  the  overflow  is  reported  as  i 
feet  wide  and  2  feet  deep. 

CONSERVATION    OF   SOIL    MOISTURE. 

The  importance  of  the  conservation  of  moisture  has  not  yet  ha(i 
the  general  recognition  which  the  subject  merits.  But  each  yeai 
brings  unmistakable  advance  in  this  matter,  as  is  shown  by  the  con 
struetion  of  new  reservoirs  and  dams  aen>ss  streams  and  draws,  anc 
by  new  methods  of  cultivation.  These  are  on  the  increase,  and  wen 
it  not  for  the  difficulties  in  the  way  of  making  water-tight  reservoirf 
in  sandy  soil  and  the  largo  amount  lost  by  evaporation  (averaging  4^ 
feet  for  the  State),  greater  progress  might  l>e  reported.  The  matlci 
of  conservation  of  soil  moisture  by  superior  cultivation,  being  a,  les.- 
obvious  factor,  is  lost  sight  of  by  many,  and  jet  by  this  mean; 
there  have  been,  to  the  author's  knowledge,  some  marked  examples  o 
success,  standing  in  strong  contrast  to  the  failure  of  others.  By  pul 
verizing  to  extreme  flnenes-s  a  coarse  soil,  the  absorption  of  watei 
may  be  increased  a  thousandfold.  Compress  or  "firm"  the  soil,  ant 
the  attraction  of  capillary  water  is  increased  to  that  extent.  Mulcl 
the  surface  into  fine,  loose  particles,  and  the  capillarity  which  draws 
the  moisture  up  to  the  plant  rootlets  is  broken  at  that  point,  and  t 
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blanket  is  formed  for  the  retardation  of  evaporation  and  retention  of 
moisture  in  the  soil.  By  careful  and  intelligent  farming,  wide  areas 
now  abandoned,  or  held  by  indifferent,  roving  classes,  will  prove  to 
have  ample  moisture  for  agriculture. 

The  results  of  close  and  conscientious  farming  are  astonishing.    One 
aged  English  couple  living  near  Lincoln  were  forced  to  undertake 
farming  in  a  small  way  for  subsistence.     The  land  was  poor  and  the 
season  was  bad.     All  the  neighboring  tenants  fled,  and  earned  noth- 
ing during  the  entire  summer.     The  aged  couple  farmed  all  the  more 
closely,  conserving  the  soil  moisture  in  every  way  kno\^ni  to  them. 
Starting  on  nothing,  and  struggling  through  the  most  trying  season 
recorded  in  the  State,  at  the  end  of  the  harvest  they  deposited  in  bank 
$100  above  their  expenses,  which  they  afterwards  spent  ju<liciously 
in  purchasing  stock  and  necessary  machinery  for  another  year.    These 
are  small  earnings,  but,  nevertheless,  the  difYerence  between  their 
methods  of  farming  and  that  of  their  nomadic  neighbors  is  infinite. 
It  is  sach  farming  as  this  that  makes  the  agricultural  reputation  of  a 
great  State. 

During  a  recent  trying  summer  the  agent  of  one  of  the  railroad 
companies  in  Nebraska  escorted  several  parties  of  Eastern  capitalists 
across  the  State.     Contrary  to  the  advice  of  those  who  thought  the 
course  injudicious,  the  railroad  company  took  the  tourists  through 
the  least  promising  as  well  as  the  most  promising  parts  of  Nebraska. 
In  the  heart  and  center  of  a  deserted  region  in  the  arid  belt,  where 
the  cornfields  on  the  right  were  withered  and  abandoned,  they  repeat- 
edly came  upon  farms  on  the  left  with  magnificent  fields  and  the 
appearance  of  prosperity.     They  found,  on  inquiry,  that  the  nomadic 
neighbors  were  in  their  "  prairie  schooners,"  seeking  easier  jobs  else- 
where, while  the  colonists  left  behind  were  farming  with  extreme  care 
and  were  prospering.     On  the  one  farm  the  finest  crops  were  grown; 
across  the  road  none  at  all.     The  difference  was  due  solely  to  the 
fenners,  the  one  farming  carefully  and  conscientiously,  the  other 
slothfully.     When  arid  lands  respond  in  most  unpropitious  times  to 
ireful  and  intelligent  treatment,  what  may  not  be  expected  of  the 
^?    Confidence  in  the  future  of  agriculture  in  semiarid  and  arid 
^^ebraska  was  impressed  and  fixed  in  the  mind  of  each  tourist  who 
^w  this  admirable  and  striking  example  of  the  results  of  intelligent 
^^iiuing.    Taking  advantage  of  the  lessons  taught  bj^  superior  culti- 
vation, the  Burlington  and  Missouri  River  Railroad  Company  has 
^'^itiated  a  most  commendable  series  of  agricultural  experiments  in 
^^Q  semiarid  and  arid  nonirrigated  portions  of  Nebraska  and  Kansas. 
^^^xe  a  practical  test  will  be  made  of  the  actual  utility  of  soil-culture 
^^thods  for  the  conservation  of  moisture.     Experiment  stations  have 
l^^^n  established  at  Holdrege,  Alma,  Oxford,  McCook,  Curtis,  Broken- 
J^'w,  Grant,  and  Hastings,  in  Nebraska,  and  at  Oberlin,  Wheeler, 
^^»  Francis,  and  Bird  City,  in  Kansas. 
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The  method  to  be  pursued  in  subslAiitially  that  introduced  at  Put* 
ley,  South  Dakota,  by  Mr.  II.  W.  Campbell  &s  early  as  188-5,  a  method 
jromising  to  be  even  more  important  than  irrigation  because  of  ita 
wider  applicability.  Thia  process oonsists  essentially  of  deep  plowing, 
lubsequent  firming  uf  the  Hoil  to  increase  capillarity,  and  light  sur- 
'ace  cultivation  to  break  capillarity  and  check  evaporation,  and  to 
-his  end  special  machinery  has  been  designed.  The  method  is  often 
(nown  as  "dust-blanket  farming,"  the  idea  being  to  cut  the  surface 
nto  a  soil  mulch  or  powdery  condition  in  order  to  prevent  loss  of 
Moisture. 

Farmers  along  the  Republican  River  as  far  west  as  Harlan  C-oun^ 
ffho  have  tried  this  method  find  that  a  diversity  of  crops  is  possible, 
ind  that  while  the  number  of  acres  cultivated  is  reduced  about  on»- 
laU,  the  yield  is  increased  several  fold.  For  instance,  potatoes,  whidi 
I'ielded  an  average  of  212  bushels  under  this  treatment,  gave  hut  iS 
jushela  per  acre  to  neighbors  who  avoided  this  system  of  close  farm- 
ing on  the  ground  that  it  was  expensive  and  onerous. 

During  the  last  five  years  various  means  for  catching  and  holding 
surface  water  have  increased  enormously,  and  now  attention  is 
lireeted  to  the  results  consequent  upon  the  better  conservation  of 
ioil  moisture,  all  of  which  will  aid  in  the  reclamation  of  important 
tractfl  of  remarkably  productive  land  now  idle  and  unoccupied, 
rhere  are  table-lands  200  to  300  feet  above  water  where  no  amount 
of  conservation  of  moisture  on  the  surface  or  in  the  soil  can  avail; 
but,  on  the  other  hand,  there  are  countless  regions  to  be  benefited 
thereby.  Such  fable-lands,  therefore,  where  grazing  is  notably  good, 
should  be  tiimed  over  to  stock  raisers,  and  the  lowlands  to  agrienl- 
turista.  Each  class  would  prove  of  benefit  to  the  other.  Community 
life  could  be  formed  in  the  valleys  and  the  uplands  left  for  grazing. 

It  is  universally  conceded  that  cattle  rai.sing  is  profitable,  and  that 
the  small  herder  can  make  steady  gain.s  by  watching  his  cattle  more 
closely  instead  of  turning  them  loose  upon  the  range  as  formerlj'.  It 
is  an  easj'  way  to  turn  stock  upon  the  common  range,  where  no  care 
is  required  winter  or  summerexceptat  the  timeof  the  annual  "round 
up."  But  by  that  method  the  chances  for  loss  are  greater.  Its  day  is 
past  in  Nebraska,  and  it  is  now  time  for  many  small  wattle  raisers  to 
occupy  the  laud  once  grazed  over  by  the  herds  of  great  companies- 
The  grazing  lands  should  be  turned  to  Iwtter  account,  the  conditions 
of  the  valley  lands  should  be  better  understood,  and  many  important 
tracts  now  deserted  should  be  reclaimed.  This  will  come  about  by 
the  storage  of  storm  waters,  by  irrigation,  and  l»y  tlie  conservation  of 
soil  moisture. 

POLLUTION    OP    WATBR. 

The  wat«r  for  domestic  supply  is  well  purified.  In  the  river  cur- 
rent the  water  is  exposed  to  the  air,  and  thus  purification  by  tW 
procBBS  of  oxidation  goes  on.     The  ground  water  is  likewise  purified- 
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ot  in  its  descent  throagh  the  air,  in  its  passage  down  the  streams,  or 
iroogh  the  soil  and  rocks,  water,  which  is  the  universal  solvent,  takes 
poertain  acids  and  gases,  and  dissolves  certain  minerals,  particularly 
me  (making  hard  water),  iron  (making  chalybeate  water),  potash 
'soda  (making  alkali  water),  or  salt  (making  saline  water). 
These  are  wholly  inorganic  ingredients  and  for  the  most  part  harm- 
as.  But  there  are  other  ingredients  not  to  be  detected  by  the  sense 
!  smell,  sight,  or  taste,  which  come  from  organic  decay.  Water  in 
osely  settled  regions  is  subject  to  dangerous  pollution.  It  then 
ecomes  a  vehicle  for  germs  and  contagions  disease,  and  is  not  fit  even 
)r  beasts.  Wells  should  be  so  located  and  guarded  that  barnyard 
ash  can  not  drain  into  them  nor  soak  through  the  soil  into  them, 
"he  water  filters  through  many  feet  of  soil,  and  is  pure  and  whole- 
)me  if  proper  precautions  are  observed.  One  may  feel  great  confi- 
enoe^in  the  purity  and  healthfulness  of  water  drawn  from  a  well 
Meh,  passes  through  clay  before  striking  water-bearing  gravels. 
The  writer  can  not  refrain  from  citing  one  specific  case  of  well- 
^ter  pollution.  The  occurrence  of  fever  in  three  families  in  Omaha 
ointed  unmistakably  to  the  dairyman  who  supplied  them  with  milk, 
^visiting  the  dairyman  the  city  physician  found  three  in  his  family 
Qffering  from  the  same  fever.  The  seat  of  trouble  seemed  to  be  the 
ell,  which  was  so  injudiciously  located  as  to  receive  surface  wash 
irectly,  and  indirectly  the  offal  from  the  house  and  barn,  rendering 
16  water  at  once  nauseating  and  dangerous. 

The  cities  of  the  State  should  zealously  guard  against  the  possible 
mtamination  of  their  water.  Good  water  for  city  use  is  so  easily 
)tained  from  groups  or  gangs  of  wells  at  reasonable  depths  that  no 
immunity  seems  justified  in  drawing  its  supply  from  surface  streams, 
hich  are  subject  to  progressive  deterioration  as  population  increases. 

SURFACE  AND  SEEPAGE  WATER. 

The  marshes,  ponds,  lakes,  and  cut-off  lakes  are  relatively  few,  and 
Jed  no  further  mention  at  present.  The  rivers,  however,  are  of 
"owing  economic  importance,  and  the  time  seems  near  when  they 
ill  be  diverted  from  their  channels  into  irrigating  ditches.  On  this 
>int  many  persist  in  cherishing  the  error  that  rivers  can  not  be 
liined,  maintaining  that  as  rapidly  as  water  is  drawn  off  as  much 
ore  rushes  in  to  supply  the  loss. 

The  Platte  River  fiows  east  across  the  entire  State,  and  is  presum- 
►ly  of  greater  importance  than  the  Missouri  River.  Though  becom- 
!^  entirely  dry  in  certain  seasons,  the  Platte  nevertheless  supplies 
tportant  areas  with  water  for  irrigation  during  the  growing  sea- 
II.  More  important  than  this  is  the  underflow  water  of  the  Platte, 
is  a  singular  and  highly  interesting  river.  Overloaded  and  taxed 
S^ond  its  i>ower,  it  can  not  carry  its  burden  of  sand  out  of  the  State. 
'4K>rdingly  its  energy  is  spent  in  shifting  its  sand  bars  from  side 
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to  side  and  in  forming  a  lace  work  of  channels  through  it<s  broad  bed; 
bnt.  beyond  this,  it  is  receiving  constant  additions  of  fresh  sanil. 
Accordingly  it  has  built  up  its  bed  with  sand  50  to  200  feet  or  mon-. 
Through  this  alluvial  material  there  is  an  underflow  of  broad  esteui 
on  each  side  of  the  Platte  throughout  the  StAte,  which  spreads  out  aii<l 
constitut'es  in  part  the  important  underflow,  or  even  some  of  the  sheet 
water  of  the  State,  After  the  surface  water  of  the  Platte  has  bpon 
diverted  for  irrigation  the  underflow  in  its  gravels  can  be  drawn 
upon  without  limit  if  mechanical  difficulties  can  be  overcome.  (Sm 
PI.  Ill,  A.) 

FLUCTUATIONS  OF   WATBR    LEVSL. 

The  years    1802,    1893,    ltt94,  and   1895  were  years  of  exceptional 
drought.     The  whole  wati?r  table  was  lowered,  and  springs,  puiiJii, 
streams,  and  many  wells  failed.     During  the  winter  of  18fl5  there  was 
virtually  no  rain  or  snow.     That  is  to  say,  there  was  no  precipit&tion      M 
by  which  to  account  for  an  unexpected  rise  of  water  {apparently      I 
real)   which   began   early   in   the  winter,  and    reached    a   point  im.     1 
February  and  March  which  aroused  general  comment.     Many,  ivT—     ' 
the  past  three  years,  had  knots  tied  in  well  ropes  whereby  the  «"i>M^ 
buckets  might  be  lowered  each  time  into  the  shallow  water  withoii*r. 

roiling  it.     It  was  soon  noticed  that  the  wells  were  flUiog  unesppcl 

edly,  because  the  ropes  were  wet  some  10  to  12  feet  above  the  usua— ^ 
point.  Water  began  to  flow  in  channels  hitherto  entirely  dry.  Th^^ 
drj-  beds  of  ponds  began  to  fill.  Excavations  for  railroad  embanlc — - 
merits  Iicciiitu'  liikclets.  Springs  which  three  years  previously  hae  "I 
supplied  fish  ponds,  but  had  become  dry,  began  to  flow  again;  an^  "< 
damp  spots  began  to  appear  in  some  farms.  So  many  cases  wer— ^' 
reported  in  person  or  by  letter  that  the  author  took  pains  to  scb^^^I 
out  several  thousand  inquiries  over  the  State.  Two-thirda  of  thoft—  -^ 
who  answered  had  noticed  an  unexpected  rise  of  water;  one-tliir^^ 
had  nut.  The  evidence  is  almost  conclusive  that  this  is  real,  and  is  -^*^ 
matter  of  annual  occurrence. 

One  explanation  is  that  the  decreased  evaporation  and  the  increase^^' 
cohesion  of  water  in  winter  allows  more  ground  water  to  aceumulfltc^^  ■ 
The  majority  reported  the  rise  as  occurring  in  February.  Stockme'^ ' 
in  the  most  arid  portions  of  Nebraska  depend  implicitly  upon  i\i^  ^ 
rise  of  water,  which  they  assert  is  of  annual  occurrence,  and  bdt^=" 
pendent  of  precipitation.  This  matter  seems  as  worthy  of  critic* 
study  as  any  problem  connected  with  our  ground  water. 

mt:thod8  of  raising  wateb. 

Peculiar  and  characteristic  systems  of  hoisting  water  are  fonnd  ^^ 
vogue  in  widely  separated  counties.     Some  methods  are  very  primtti^', 
and  crude,  while  others  show  thought  and  ingenuity.    It  is  very  e*  *' 
dent  that  the  first  simple  windlass  or  pump  pat  up  in  a  communi^^ 
becomes  the  model  after  which  others  of  precisely  the  same  type  »*^ 


F 


mTHODB  or  RAisnro  watbb. 


29 


■temed.  Sometimee  wiudlassM  find  pnmps  of  commonities,  and 
)n  of  towns,  are  built  as  if  from  one  model,  heedless  of  faalty 
lign  and  poor  constrnction.  Tro  forms  are  illustrated  below. 
le  figs.  3  and  i.)  Oooasionally  one  sees  water  drawn  hand  over 
ad  by  bucket  and  rope,  but  a  much  more  common  form,  which  is 
tually  the  same  with  the  direction  of  motion  changed,  is  the  rope 
3  pulley.  Were  it  not  that  this  method  is  laborious  and  slow,  men 
ght  draw  water  for  stock  and  women  for  domestic  use  for  years. 
it  is,  these  are  soon  replaoed  by  windlasses  having  a  mechanical 
vantage.  In  the  construction  of  these  there  is  an  occasional  dts- 
ly  of  thought,  and  one  man  will  make  one  stick  of  timber  answer 
icre  three,  four,  or  five 
cks  would  have  been  used 
another.  Others  are  elab- 
»ted  until  the  cost  exceeds 
it  of  a  good  pump.  Many 
»fer  the  open  well  and  wind- 
s  to  pumps,  on  supposed 
litary  grounds,  assuming 
tt  the  iron  pipe  is  un- 
tlthfuL 

'.a  regions  ol  high  table- 
tds,  where  the  wells  are 
ip,  the  labor  of  drawing 
ter,  even  by  windlass,  is 
2h  that  hand  power  is  re- 
iced  by  horse  power.  Half 
rrels  are  used  instead  of 
11  buckets  and  a  boy  and 
rse  can  soon  draw  the  water 
cessary  for  the  family  and 
•ck.  The  author  has  seen 
s  old-fashioned  horsepower 
d  tumbling  shaft  in  use  pumping  water  for  the  house  and  for 
igation. 

The  windmill  has  long  been  the  popular  means  of  raising  water  for 
mestic  use  and  for  watering  stock,  and  now,  in  addition,  it  comes 
enjoy  the  recognition  it  deserves  as  one  means  of  irrigating  land 
lere  other  means  are  wanting.  It  is  the  windmill  which  has  ena- 
^  the  farmer  to  introduce  into  his  home  some  of  the  modem  conven- 
1CQ8  of  the  city.  Thus  one  finds  farmhouses  supplied  with  hot  and 
Id  water,  with  bath,  lawn  sprinklers,  and  fire  protection,  and  that, 
^  more  cheaply  than  in  a  city  home.  The  windmill  feeds  a  steady 
^eam  of  cold  water  through  the  milk  house,  and  thence  to  the  stock 
Qgh,  a  matter  so  small  as  to  he  often  forgotten,  yet  so  large  as  to 
of  great  economic  consequence.     When  the  water  around  the  milk 
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panH  is  cooled,  a  greater  pert;eatage  of  uream  rises  by  ^avity  to  the  I 
top.  Where  cool  water  is  readily  available  the  loss  of  cream  may  run 
low,  but  in  less  favored  States  where  the  water  is  naturally  warm  the 
loss  may  reach  one-fifth.  This,  in  a  State  whose  butter  products  may 
amount  tu  several  million  dollars  annually,  is  a  lai'^e  sum.  The  (iif- 
ferenee  of  a  siugte  degree  in  the  temperature  of  water  in  a  State  us 
large  as  Nebraska  means  a  diCFerence  of  thousands  of  dollars  in  the 
total  dairy  products.  Here  the  windmill  effects  a  great  saving,  and 
on  well-regulated  farms,  while  pumping  water  for  the  stock  trou;rli 
by  way  of  the  milk  house,  it  maj-  nearly  pay  for  itaelf  annually. 

The  windmill  has  replaced  the  town  pump,  and  in  villages  ami 
towns  is  now  seen  a  sightly  and  well-kept  mill  and  tank,  supplying 
I  water  to  the  public  by  theenerg; 

of  the  wind.  (See  PI.  IV,  A.) 
In  supplying  water  for  village 
une,  pressure  sufficient  to  thro» 
water  above  the  house  tops  may 
be  had  by  placing  the  tank  or 
reservoir  upon  high  ground,  or 
by  erecting  a  suitable  tower, 
wbifh  is  the  common  method  in 
the  level  prairie  towns.  Occa- 
sionally lowers  are  bnilt  of  ex- 
<;eptional  height,  to  carry  a 
second  water  tank  for  use  in 
giving  increased  pressure  i" 
case  of  Are.  (See  PI.  XXII,  B.) 
The  whirling  mills  are  neces- 
sary accompaniments  of  Ne- 
braska scenery.  Their  work  is 
iidinirable,  though  impossible 
feats  are  often  expected  of 
them.  As  the  matter  of  wind- 
mill irrigation  is  agitated  the 
receptive  mind  of  the  progressive  farmer  seizes  the  idea,  ^^t 
having  experience  and  placing  too  confident  reliance  iu  the  claim  of 
the  local  agent,  who  is  not  a  wholly  disinterested  party,  he  under- 
takes to  raise  water  for  irrigation  from  impossible  depths.  This  iiius't 
not  be  taken  as  a  reflection  upon  the  indispensable  device,  the  wiod- 
mill,  which  in  many  cases  is  as  nearly  perfect  as  skill  can  make  it- 
The  pump,  not  the  windmill,  is  at  fault;  but  the  main  trouble  lies  in 
the  depth  to  water.  Water  can  be  pumped  33  feet.  Below  that  poin* 
it  must  be  forced,  and  from  that  point  down  mechanical  loss  increases 
at  a  rapid  ratio.  When  one  attempts  to  force  a  60  or  70  foot  colnmn 
of  water  te  the  surface  for  irrigation  his  undertaking  is  barely  within 
thf>  limit  of  possible  profit;  below  that  point  the  enterprise  is  doubt- 
fuJ,  if  not  dangerous.     Farniera  are  urged  \a>  aw  miiwcAisLle  vecogni- 
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tioD  of  the  chances  of  discouragement,  failure,  and  loss,  resulting 
from  any  attempt  to  force  water  over  70  or  80  feet  for  irrigation, 
although  this  will  undoubtedly  be  changed  .somewhat  by  improved 
pumping  devices  still  to  be  invented. 

At  present  every  community  in  the  State  can  furnish  examples  of 
misguided  attempts  to  irrigate  by  means  of  water  pumped  by  the 
wind  from  wells  of  unreasonable  depth.  This  must  not  place  in 
doubt  or  compromise  in  any  degree  the  utility  of  windmill  irrigation, 
which  promises  to  become  one  of  the  important  factors  in  the  develop- 
ment of  the  agricultural  resources  of  the  State.  Already  farmers  are 
irrigating  with  profit  from  1-acre  to  50-acre  tracts  by  means  of  one  or 
more  windmills.  Conversation  and  correspondence  has  brought  out 
from  many  farmers  in  semiarid  and  arid  Nebraska  the  plain  avowal 
that  during  the  exceptional  season  of  drought,  1893-1895,  the  profits 
from  the  small  patch  irrigated  by  the  windmill  exceeded  that  from  the 
rest  of  the  farm. 

HOMEMADE  WINDMILLS. 

Homemade  mills  are,  of  course,  of  low  efficiency  from  a  physical 
ftud  mechanical  standpoint;  yet  they  are  capable  of  doing  all  that 
is  demanded  and  more.  They  cost  little,  wear  well,  and  do  all  the 
work  that  is  laid  on  them,  so  that  it  makes  little  practical  difference 
whether  some  of  them  are  mills  of  low  or  high  efficiency.  Of  all  the 
homemade  mills  which  the  writer  has  visited,  he  has  yet  to  hear  even 
*  mild  criticism  offered  against  one  by  its  owner. 

What  a  contrast  may  be  presented  by  two  farms — one  with  cattle 
c^owding  around  the  well,  waiting  for  some  thoughtless  farm  hand  to 
pump  them  their  scant  allowance  of  water,  the  other  where  the  cattle 
^fe  grazing  and  the  tanks  and  troughs  are  full  and  running  over  to 
^Uch  an  extent  that  the  hogs  have  their  wallows  to  which  to  resort  in 
^he  heat  of  the  day.  Nowhere  in  his  travels  has  the  writer  seen  empty 
^^'dry  troughs  on  farms  where  the  homemade  mill  was  found. 

The  windmill  has  an  important  effect  on  population.  In  many 
*^ome8  it  is  professedly  the  sole  dependence,  especially  so  with  cattle- 
^«n  living  in  regions  where  grazing  is  the  very  best  and  where  the 
^I'&sses  are  capable  of  sustaining  great  herds  free  of  care  or  cost,  sum- 
.^er  and  winter  alike.  The  prerequisite  is  the  irrigation  of  one  acre 
^^  which  to  raise  garden  truck  for  the  family,  and  this  the  windmill 
Anders  possible.  Without  this,  emigration  would  result,  and  the  State 
^ould  lose  not  only  important  industries,  but  desirable  citizens  with 
^heir  retinue  of  helpers.  In  many  places  where  the  dairy  interests 
^^e  important  the  windmill  has  rendered  possible  the  production  of 
Gutter.  This  is  noticeably  so  in  the  western  or  butte  region  along  the 
Wyoming  line.  Here  in  one  instance,  in  a  region  of  bare  buttes  and 
^^d  hills,  iB  a  ranch  with  no  other  improvements  than  a  low  sod 
^ouse,  a  corral,  and  a  windmill,  with  a  rude  milk  house  at  its  base. 
"®fe  is  produced  and  sold  annually  $900wort\i  oi  \>\\U«t  V,^\\>PkH\3L\»\5afe 
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>Qrdeii  of  taxes  or  rent)  luoidealal  to  cattle  raiHin^,  which 
>riiDary  occupation. 

In  thiseame  region  slieepraUiugiHHuiDiporltuit  industry,  Ashe^ 
lerder's  camp  consists  essentially  of  a  windmill  and  a  sod  house,  > 
«nt,  or  ft  covered  wagon.  Around  each  mill  are  several  thousand 
iheep.  On  these  high  Inuds  wells  are  deep  and  the  band  pump 
nndequat^.  It  Ls  apparent  from  inquiry  that  the  windmill  decidflt 
he  fate  of  this  extensive  industry,  and  the  author  has  been  pw- 
Icnlarly  interested  to  note  it«  relation  to  the  pen;entage  of  inerean 
n  the  flocks.  The  rate  of  increaHe  reaches  and  oct^a^ionally  pasae* 
LOO  per  cent  where  ample  water  Is  provided,  and  falls  below  80  pw! 
ient  whore  the  mill  Is  out  of  order  and  neglected.  In  their  distr««t  i 
'or  water  the  sheep  neglect  and  oven  desert  their  lambs.  A  single 
jaee  may  seem  unimpoi^ant,  but  viewed  as  a  whole  by  one  who  huj 
leer.  many  square  miles  of  such  surroundings  and  conditions,  the  sub-' 
ect  is  exalted,  at  least  in  the  mind  of  the  writ«r,  to  one  of  jgreatj 
mportanee.  1 

So  far  the  windmill  has  been  considered  in  its  relation  to  the  nw«- ; 
lities  of  life,  but  its  n;latton  t«  some  of  the  luxuries  is  not  uniupor 
ant.  The  sight  of  a  sod  house  with  flower  beds  and  a  lawn  sprinldAr 
8  unexpected  and  almost  incongruous.  Very  different  from  the  pre- 
vailing idea  of  frontier  life  are  hot  and  cold  water  faucets.  With  (be  n 
>ietnre  of  cowboy  life  as  the  half-informed  press  paints  it  one  would  .i 
never  expect  to  find  in  a  ranch  house  marble  basins  and  porceUin 
tubs.  Such  things  exist,  and  arc  due  wholly  to  the  agency  of  the 
wind  utilized  by  the  windmill.  The  barest  and  bleakest  spot  is  often 
the  site  chosen  for  the  district  school,  but  a  windmill  constructed  by 
the  pupils  will  change  this  barren  scene — not  common  to  the  far 
West  alone — in  Ave  years,  and  in  nine  years  the  sunburned  spot  may 
be  so  completely  reforested  that  the  district  school  itself  will  be  con- 
cealed, and  the  entire  place  and  its  young  occupants  be  shaded  in 
summer  and  shielded  in  winter. 

The  author  would  not  be  misunderstood.  The  homemade  mill  is 
not  the  equal  of  the  shopmade  mill.  But  the  homemade  mill  is  an 
exceedingly  important  adjunct  to  the  farm,  and  its  cheapness  is  sueb 
that  many  meu  who  can  not  afford  a  shopmade  mill  are  able  to  con- 
struct one  or  more  homemade  mills.  If  necessary,  there  may  be  a  mill 
in  each  field  or  at  every  well  on  the  farm.  The  advantage  of  the 
homemade  mill  is  its  cheapness,  and  unless  it  can  be  put  up  at  a 
small  cost  it  defeats  its  object.  In  many  extensive  frontier  regions 
freight  rates  seem  necessarily  so  high  as  to  preclude  the  use  of  shoi*- 
made  mills.  Native  lumber  is  cheap,  so  that  the  homemade  mill  is 
entirely  practicable.  In  Arizona  there  is  promise  that  important 
tracts  of  wast«  but  rich  land  may  come  under  cultivation  through  the 
agency  of  the  Nebraska  windmill.  The  windmills  supply  the  only 
element  of  fertility  lacking — moisture. 
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In  many  countries,  old  and  advanced  in  the  arts,  the  use  of  the 
rifldmill  is  unknown;  water  is  raised  by  hand,  grain  is  ground  by 
oree  power,  by  water  power,  and  by  hand,  and  machinery  is  driven 
1  much  the  same  way,  while  the  wind,  with  all  its  potential  energy, 
I  neglected.  Our  Eastern,  Middle,  and  Southern  States  would  also 
rofit  by  the  more  general  use  of  wind  power.  Those  States,  too, 
mst  learn  that  water,  intelligently  conserved  and  applied  to  the 
arden,  truck  patch,  and  small  fruit  at  the  right  time,  means  supe- 
ior  crops  with  corresponding  profits.  The  writer  believes  that  the 
eople  of  all  States  should  come  to  realize  that  it  is  a  much  finer  boast 
)  claim  advantageous  facilities  for  irrigation  than  that  there  is  no 
teed  of  it. 

There  is  often  as  much  need  of  irrigation  in  Ohio,  Indiana,  and 
Dinois  as  in  Nebraska.  Wherever  crops  are  drought-stricken  from 
ime  to  time  irrigation  is  desirable.  It  is  in  these  very  humid  regions 
hat  the  windmill  and  reservoir  would  be  especially  efficacious,  for  a 
rery  little  water  run  into  the  furrows  at  a  critical  moment  would  res- 
ile the  crop.  In  the  Eastern  States,  where  the  thin,  clayey  soil  is  not 
itted  to  withstand  drought  as  are  the  soils  of  the  Great  Plains,  a  res- 
ervoir of  water  could  flush  a  given  patch  with  marked  success.  The 
mter  anticipates  the  time  when  the  lessons  of  irrigation  in  the  West 
nUbe  taught  in  the  East,  not  only  as  a  means  of  averting  failure  and 
068  by  drought,  but  as  a  means  of  greatly  increasing  the  quality  and 
luantity  of  the  yield.  The  windmill  is  one  means  to  this  end,  not  to 
)e  relied  on  solely,  but  to  be  available  in  any  emergency. 

On  the  Great  Plains,  where  humidity  decreases  as  rapidly  as  evapo- 
*tion  increases  and  where  the  available  surface  water  is  limited  and 
ke  wind  must  be  depended  on,  the  windmill  becomes  a  necessity. 
B  traveling  through  Kansas  and  Nebraska  20  or  30  mills  may  be 
asily  counted  at  one  time  from  the  car  windows.  At  first  the  author 
relieved  that  the  windmill  stimulus  here  was  the  product  of  necessity 
luring  recent  years  of  drought,  but  he  finds  that  more  mills,  both 
lomemade  and  shopmade,  have  been  going  up  during  the  present 
iumid  years  than  before.  They  are  used  as  luxuries  rather  than 
ecessities,  and  the  present  inference  is  that  these  winged  specters  are 
Arbingers  of  prosperity. 

At  certain  times  and  in  certain  places,  however,  they  are  still  neces- 
wy,  especially  toward  the  less  humid  portions  of  the  State,  particu- 
irly  in  the  broad  river  valleys,  where  wells  are  shallow  and  the  sup- 
lyof  water  inexhaustible.  The  rivers  of  Kansas,  Nebraska,  and  the 
^akotas  are  numerous,  and  some  of  them  are  important,  but  they  are 
teadily  being  diverted  from  their  channels  into  the  irrigation  ditches 
f  States  to  the  west.  The  total  available  surface  supply  is  barely 
ufflcient  for  the  irrigation  of  6,000  square  miles  out  of  nearly  77,000, 
^e-half  of  which  would  be  greatly  benefited  by  irrigation.  Recourse 
inst  be  had,  then,  to  such  other  means  as  superior  cultivation,  or 
IRB  29 3 


34  WELLS   AND   WINDMILLS   IH    HEBBASKA.  [»■& 

soil  culture,  for  the  catchment  and  retention  of  moisture;  the 
impounding  of  water  in  ponds,  lakes,  draws,  and  canyons;  tunneling 
into  the  sand  hills  and  bntt«8;  tapping  the  underflow  of  rivers;  and 
raising  water  by  means  of  current  wheels,  and  by  pumps  driven  by 
some  motive  power,  preferably  the  wind.  This  outlook  has  given  ths 
windmill  increasing  notice  of  late. 


I 


The  homemade  windm^ill  is  suppose<lly  built  daring  unemployed 
hours  by  the  owner  or  by  his  sons;  so  the  cost  of  labor  is  not  reck- 
oned in  these  estimates.  Old  wire,  bolts,  nails,  screws,  andothM 
odds  and  ends  of  hardware,  old  lamber,  poles,  and  braces  such  as  an 
common  to  every  farm,  enter  lai^ely  into  its  construction.  Eren 
neglected  mowers,  reapers,  and  planters,  old  buggies,  and  wagons  eon- 
tribute  material.  Here  are  to  be  found  good  journals  with  oil  cups, 
cranks,  sprocket  wheels,  and  chains,  gear  and  bevel  wheels  of  vari- 
ous combinations.  The  farmer  who  is  inventive  enough  to  build  t 
mill  is  competent  to  see  quickly  the  adaplAbility  of  certain  parts  b 
bis  ideas.  It  is  this  use  of  old  and  neglected  material  which  is  par 
tieularly  recommended  in  this  connection,  for  in  making  a  mill  of  ln» 
efficiency,  such  as  most  homemade  mills  are,  cheapness  is  the  mail 
object.  Many  mills  have  cost  nothing  whatever.  Others  cost  $1,  K 
and  $<t,  and  occasionally  as  much  as  toO,  $75,  and  even  il50.  Thi 
average  mill,  such  a  mill  as  is  needed  for  ordinary  purposes,  can  1m 
built  for  iS.-W,  which  is  an  average  from  a  large  number,  and  its  coS 
should  not,  and  seldom  does,  reach  $10.  The  writer  considers  |3i 
liberal  allowance  for  everything  needed  on  the  ordinary  farm  for  thi 
construction  of  a  strong,  satisfactory,  and  lasting  mill  large  enougl 
to  pump  for  the  house  or  stock.  Such  a  mill,  if  rigidly  mailft- 
iuattention  to  this  matter  being  the  cause  of  more  accidents  amon| 
homemade  mills  than  any  other — ought  to  stand  five  or  six  years  o 
uninterrupted  service. 

CLASSIFICATION. 

However  modified  tn  suit  the  fancy  and  caprice  of  various  builders 
the  mills  may  be  divided  into  four  groups;  Go-devil  or  jurabo  mill' 
of  the  overshot  type;  merry-go-round  mills;  turbine  or  opened-face< 
mills,  including  battle-ax,  Holland,  and  mock-turbine  mills;  and  recon 
structed  mills.  These  may  be  tabulated  as  follows,  in  inverse  orde 
of  efficiency: 

ClanniftcatiOH  nf  the  principal  types  of  homemade  icindmillfi  in  AVhmi^n. 
■  Baby  jumbos. 


(I)  Jnrnbo  milktaee  page  3r))_._  . 

(i)  Herry-go-roaudmillA  (see  page  44)  _ 


Medium  jnm  1km  . 

Giant  jmnbox. 
Screw  jnmbos. 
Unmounted.  ■ 
Uonnted. 
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%)  Battle-ax  mills  (see  page  47) 


(4)  Holland  mills  (see  pAge  54) - 


(5)  Mock  turbines  (see  page  56) 


With  9  fans. 

With  4  fans. 

With  6  fans. 

With  8  fans. 
.  GHant  mills, 
r  With  4  fans. 

With  6  fans. 

With  8  fans. 
'  Giant  tnrbines. 

Set  tnrbines. 

I  -D.».^i^«»  4.««K^^^  J  Without  rudders. 
[  Revolving  turbmes.  |  ^.^  rodders. 

(6)  Reconstructed  turbines  (see  page  64). 

(7)  Sbopmade  turbines  (see  page  65) . 

DISTRIBUTION. 

Nebraska  Reems  to  be  the  heart  and  center  of  the  windmill  move- 
ment. The  famous  Platte  Valley,  with  its  broad  expanse  and  shallow 
weUs,  is  a  veritable  windmill  arena.  From  Omaha  west  through  the 
State,  a  distance  of  500  miles,  and  even  beyond  to  Denver,  there  i^  a 
constant  succession  of  these  creations  of  a  sturdy  population. 

Daring  the  summer  of  1897  the  writer  engaged  the  services  of  three 
students,  who  were  provided  with  teams,  saddle  horses,  camp  wagons, 
cameras,  and  camp  accouterments  in  general,  and  drove  from  Lin- 
coln to  Denver,  following  roads  south  of  the  Platte  going  and  north 
of  the  Platte  returning.  They  found  these  unique  and  interesting 
mills  everywhere.  Going  over  the  same  ground  in  person  the  follow- 
ing year  eight  to  ten  mills  were  commonly  found  clustered  about  a 
towi^,  each  widely  separated  town  having  a  dominant  or  prevailing 
type.  Sometimes  the  mills  were  found  on  every  farm  and  were  too 
Dnmerous  to  visit  and  report  on.  They  are  also  found  in  the  Repub- 
lican Valley  and  the  valleys  of  the  Loup  rivers  and  their  tributaries. 
The  State  rises  gradually  from  900  feet  in  southeastern  Nebraska  to 
5,300  feet  in  the  butte  region  of  the  western  boundary  line,  where 
the  wind  is  often  unreliable  over  considerable  tracts,  so  that  difficulty 
is  exi)erienced  in  running  the  most  approved  steel  mills.  The  distri- 
bution of  homemade  mills  is  confined  chiefly  to  river  valleys  and  to 
certain  sand-hill  regions,  where  wells  are  shallow. 

JUMBO  WINDBilLLS. 

This  is  the  lowest  form  of  windmill.  The  jumbo,  also  known  as 
*e  "paddle  wheel"  and  the  "go-devil,"  is  simply  an  overshot  wheel 
^hich  bears  the  same  relation  to  the  air  that  the  overshot  wheel  of 
hydraulics  does  to  the  water.  It  is  a  stationary  mill,  consisting  of 
four  or  more  paddles  fastened  to  a  horizontal  axis  set  squarely  across 
^he  direction  of  the  prevailing  wind,  with  the  lower  half  boxed  in. 
The  smaller  mills  of  this  type  are  appropriately  termed  "baby  jum- 
^•"  The  larger  jumbos  are  planted  on  the  ground  and  baby  jumbos 
^^  towers  or  buildings. 
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Being  mllla  whose  method  of  oonstrnctioD  is  obvious,  they  are  bvoi- 
ites,  particularly  in  the  portion  of  the  State  lying  east  of  Grami 
Island.  West  of  that  point  the  jumbo  is  usually  replaced  by  the 
battle-ax  mill,  which  the  author  considers  a  superior  typo, 
jumbos  are  mills  of  low  efficiency,  hut  that  matters  not  in  the  present 
discussion.  They  are  efficient  enough  for  all  practical  operations; 
that  is  the  real  question  here,  and  theoretic  considerations  may  lie 
fittingly  postponed.  Those  who  have  decided  preferences  for  tlie^ 
jumbo  need  not  fear  disappointment.  If  the  mills  are  well  built  thcy^ 
give  satisfaction.  If  poorly  made  their  efficiency  may  n; 
as  15  or  20  per  ceut;  but  if  built  on  the  mast  approved  plan  they  may-" 
register  40  per  cent.,  as  Professor  Hood '  has  shown.  In  practice  the 
poorest  can  pump  a  great  deal  of  water,  probably  moro  than  the  onli- 
nary  family  will  use.  In  this  connection  it  may  be  well,  for  the  sake 
of  comparison,  to  st^te  that  the  efficiency  of  a  good  shopmade  mill  i^ 
at  least  twice  as  much  as  that  of  the  jumbo,  but  the  cost  is  teo  le^an 
twenty  times  as  much.  For  the  capital  invested  the  jumbo  is  prob-^^ 
ably  more  efficient  than  the  best  steel  mill.  The  jumbo  gives  fron^dii 
one-eighth  to  one  or  two  hoi-sepowers,  more  or  less,  actwrding  to  th-  ^*e 
wind,  the  size  of  mill,  and  other  modifying  conditions. 

Professor  Hood  and  his  students  in  testing  a  14-foot  eight-fa"  _^n 
jumbo  found  that  iu  a  good  breeze  it  gave  from  one-tenth  toone-fifl  -^*th 
of  a  hoi-sepower,  and  in  a  38-mile  wind  it  gave  1  horsepower.  Tli«=*h6 
power  will  vary  according  to  the  construction  and  position  of  the  mil  -t-ill> 
and  according  to  the  wind  and  other  factors.  In  Nebraska  and  Kar~w-»P' 
sas  the  shafts  of  jumbos  stand  east  and  west,  so  that  the  fans  may  bt:^  h( 
struck  by  the  prevailing  wind,  which  blows  from  south  t-o  north,  cc*  " 
at  (imecj  in  the  opposite  direction.  The  jumbu  runs  equally  wel^^  *^' 
whether  the  wind  is  from  the  north  or  south,  but  is  motionless  in  a:  ^^^  8' 
east  or  west  wind.  If  from  the  intermediate  points  of  the  compas»-**^ 
the  fans  are,  of  course,  struck  obliquely,  but  nqt  altogether  ineffectit*'^'' 
ally.  This  virtually  covers  all  winds,  except  rare  and  exceptions*  -*^* 
ones;  hence  daily  working  is  assured,  regardless  of  shifting  wind^-^^^ 
Nevertheless,  some  take  the  precaution  to  build  jumbos  with  spiral  oci»  *" 
screw  fans,  in  which  event  they  do  good  service  with  winds  from  JU);,-»-*'J' 
quarter. 

Jumbos  are  not  wholly  ornamental,  but  that  is  onimportant.  Th.*-^*" 
jumbo  has  served  useful  purposes  on  hundreds  of  frontier  homes,  an*  -*^" 
has  many  undeveloped  possibilities  awaiting  the  genius  of  succeedin. 
generations  of  farmers.  The  average  cost  of  such  mills  is  abont  t^ 
and  they  are  sometimes  used  to  singular  advantage.  Snob  mill^^^*' 
veritable  toys,  which  cost  nothing  whatever,  and  were  built  in  play  b^^^J" 
boys  on  the  farm,  have  been  put  to  work  in  earnest  pumping  v 
for  the  stock. 
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BABY  JUKBO  WINDWILM. 

The  baby  jumbo  on  the  Gkxxirich  farm,  near  Bethany  (see  PL  V,  ^), 
is  one  of  those  referred  to.  It  stands  about  12  feet  high,  on  the  aban- 
doned support  of  an  old  tank,  and  pumps  water  for  the  stock.  Old 
parts  from  a  discarded  self-binder  were  ingeniously  adapted  to  the 
existing  needs.  This  small  mill,  with  arms  2i  feet  long,  with  four 
board  fans  each  4  feet  long,  and  geared  by  sprocket  wheel  and  chain 
in  the  ratio  of  2  to  1,  cost  nothing,  and  pumps  from  an  ordinary  well 
water  enough  for  the  stock.  This  is  an  attractive  and  showy  little 
mill,  especially  to  those  who  aro  studying  such  matters,  and  is  a  credit 
to  the  boys  who  built  it;  it  is  introduced  here,  however,  to  show  what 
can  be  done  in  this  line  rather  than  to  encourage  mills  of  this  size  or 
of  this  particular  make.  It  is  only  a  toy,  but  boys  who  can  build  one 
of  this  size  are  capable  of  building  a  larger  one  and  of  constructing  it 
on  approved  lines  if  models  are  before  them. 

It  is  a  safe  assumption  that,  having  at  hand  illustrations  and 
descriptions  of  various  windmills  suited  to  home  construction,  many 
idle  moments  would  be  profitably  employed  in  this  work,  both  by  men 
and  boys  on  the  farm  and  in  the  villages.  Accordingly  numerous 
examples,  seemingly  repetitions,  will  be  reproduced  in  order  that 
each  prospective  builder,  without  compromising  his  own  individuality 
sind  x>ersonality,  may  have  the  right  of  accepting  and  rejecting  plans, 
s¥>  as  to  embody  in  his  own  designs  the  desirable  features  of  others. 

The  baby  jumbo  on  the  Goodrich  farm  was  considered  the  smallest 

of  its  kind,  but  before  a  description  of  it  could  be  penned  a  mill 

smaller  by  1  foot,  which,  however,  stands  on  a  higher  base,  was  found 

in  the  neighboring  town  of  Havelock.     This  baby  jumbo,  built  by 

Mr.  W.  W.  Her,  has  four  fans  3  feet  long,  with  arms  2^  feet  long.     It 

is  attached  by  a  16-inch  crank  and  rod  directly  to  the  liandle  of  the 

pump.     In  a  good  wind  (probably  a  16-mile  wind)  this  little  mill, 

perched  on  a  tower  16  feet  high,  discharged  from  a  60-foot  well  400 

gallons  of  water  in  forty  minutes,  or  at  the  rate  of  10  gallons  per 

minute,  as  measured  and  reported  by  the  owner.     It  supplies  water 

for  a  boarding  house  and  for  the  stock  and  cost  only  $3.70. 

The  remarkable  little  jumbo  designed  and  built  by  Mr.  J.  L.  Brown, 
proprietor  of  the  Midway  Nursery,  2  or  3  miles  east  of  Kearney, 
Nebraska,  is  shown  in  PL  V,  B.     It  cost  only  $1.50,  but  pumped  suffi- 
cient water  to  irrigate  and  save  the  garden  truck,  the  strawberry  patch, 
and  the  small  fruit  during  the  most  trying  season  of  drought  recorded 
*^  the  State.     This  is  a  surprising  record  for  so  small  a  mill,  but  it  was 
^'*6fully  planned  and  well  built.     Differing  from  the  ordinary  pro- 
Portions  this  mill  is  higher  than  broad.     Its  box  is  3  feet  wide,  9  feet 
^^gy  and  6  feet  high,  with  fans  mounted  on  a  gas-pipe  axis.     The 
^,^'s  and  its  crank,  cost  $1.50,  while  the  rest  was  made  out  of  the 
^'^es  and  ends  of  old  coffee  boxes,  in  accordance  with  the  rule:  Build 
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the  jumbo  cheaply  or  not  at  all.  It  is  eonneoted  with  the  pamp  by  a 
lever  arranged  in  the  ratio  of  5  or  6  to  1.  While  means  were  not  al 
hand  to  test  this  mill,  in  a  good  breeze  it  pumped  water  and  was 
probably  not  overloaded  by  the  weight  of  200  ponnds. 

The  practical  benefits  resulting  from  the  mill  are  indisputable,  and 
are  well  expressed  by  Mr.  Brown,  its  bailder,  who  says  that  the  profits 
from  the  mill  during  the  three  years  of  dronght  and  crop  failnre  ex- 
ceeded that  from  the  rest  of  tho  farm.  The  claim  is  not  that  the  profits 
are  great,  for  sueh  can  not  be  expected  from  a  small  mill  and  alMnit 
an  acre  of  garden;  but  when  this  is  all  that  is  left  itbecomeHrelatively 
large.  Let  no  one  be  deceived  by  this  and  grow  loo  sanguine  and 
overexpectant.  The  mill  may  not  net  iliS  owner  over  tlOO,  but  if  the 
rest  of  the  crop  is  a  total  failure,  this  is  worth  more  than  oqc  hundred 
cents  per  dollar.  A  case  is  known  of  a  encumber  patch  saved  bv  n 
small  stream  from  a  windmill.  This  patch  netted  its  owner  $100  for 
pickles,  cut  and  marketed  duringthe  month  of  September.  The  mill 
may  easily  exceed  the  profits  of  the  rest  of  the  farm  during  exception- 
ally poor  seasons.  The  windmill  is  not  the  i-edemption  of  agrioulture. 
but  is  an  important  aid  at  all  times,  and  sometimes  the  only  source 
of  revenue. 

This  mill  teachesa  timely  and  suggestive  lesson  ineconomyin  such 
work.  Here  by  the  exercise  of  a  little  foresight  in  securing  an  occa- 
sional packing  box  instead  of  lumber,  an  excellent  mill  was  produced 
at  a  nominal  cost,  and  could  have  been  built  without  outlay  by  adapt- 
ing an  iron  axle  from  some  farm  implement.  This  goea  to  show  that 
baby  jumbos,  large  enough  to  pump  for  the  house,  barnyard,  and 
stock,  are  within  reach  of  the  {M>ore8t.  The  young  farmer  can  often 
profit  by  picking  up,  almost  at  his  own  price,  discarded  wagon  axles 
and  old  rods  of  iron,  which  are  common  at  the  village  blacksmith's  or 
at  the  city  junk  shop.  A  bu^^'  or  wagon  axle,  with  the  hubs  or 
thimbles  used  for  journals,  will  prove  especially  convenient  to  pros- 
pective builders. 

Baby  jumbos  are  the  least  efficient  of  the  homemade  mills.  Those 
of  intermediate  size,  such  as  are  commonly  built  by  farmers  and  small 
market  gardeners,  will  now  be  considered.  The.se  mills  average  about 
8  by  12  feet;  some  cost  nothing,  others  86  to  88. 

A  good  example  is  furnished  by  Dr.  Boardman's  jumbo  mill  on  the 
-  edge  of  Overton.  This  mill  was  built  to  replace  an  old  one  put  up 
three  years  before,  and  it  was  not  necessary  in  this  case  to  study  st  rict 
economy  either  in  the  use  of  help  or  in  the  purchase  of  material. 
Good,  new  lumber  was  purchased,  and  a  carpenter  and  smith  engaged 
to  do  tho  work.  When  finished,  this  mill,  with  a  box  0  by  12  feet, 
supporting  four  fans  on  an  iron  axis,  each  fan  5  by  6  feet,  with  ji 
radius  of  6  feet,  was  capable  of  supplying  water  for  100  head  of  stix'k; 
its  cost  was  88.     The  same  mill  could  have  been  built  by  a  man  of 
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limited  means  for  $2  or  $8.    Had  it  been  a  mill  of  six  fans  instead 

of  f onr,  it  woald  have  been  a  good  model  for  others.    It  is  a  good  mill, 

serves  its  pnrpose,  satisfies  its  owner,  and  according  to  his  estimate 

will  pamp  water  for  100  head  of  stock  and  continue  in  good  order  for 

.  five  years  or  so  to  come.     At  that  rate  he  is  paying  for  his  water 

service  scarcely  more  than  $1.50  a  year. 

The  tronble  with  all  fonr-fan  mills  is  that  bat  one  or  at  most  two 

!      fans  are  in  the  wind  at  any  one  time,  while  the  six  or  eight  fan  mills 

i     may  expose  three  or  four  times  the  surface  to  the  impact  of  the  wind. 

Accordingly,  if  other  things  are  the  same,  the  mill  with  more  fans  is 

apt  to  respond  more  readily  to  light  winds. 

Comparable  with  this,  in  point  of  size,  is  the  mill  of  Mr.  W.  W.  Good- 
rich, at  Bethany,  shown  in  PI.  VI,  which  he  believes  was  unnecessarily 
well  made.     Extra  expense  was  incurred  by  purchasing  a  hardened 
Damascus  steel  axis,  with  good  bearings  and  oil  cups,  which  cost  $5, 
and  made  the  mill  when  complete  cost  $8.     It  has  six  fans,  each  9 
feet  long,  with  a  radius  of  6^  feet,  mounted  on  a  box  about  9  by  11 
feet  and  6  feet  high.     As  the  fans  revolve  there  is  a  resisting  cushion 
of  air  in  the  box,  which  must  in  a  measure  retard  the  fans.     To  over- 
come this  the  designer  has  raised  the  mill  above  ground,  and  has 
made  the  bottom  movable  in  two  parts  or  doors,  which  can  be  lowered 
to   allow  the  escape  of  compressed  air  when  the  mill  is  revolving 
rapidly.     When  the  wind  is  from  the  south  the  north  door  is  opened, 
and  vice  versa.     Mr.  Gk)odrich  says  that  a  gas-pipe  axle  would  serve 
his  purpose  as  well  as  the  more  expensive  steel  one,  and  that  with  it 
he  could  build  the  same  mill  for  $4.     The  baby  jumbo  on  this  farm, 
*li*eady  described,  pumps  for  the  stock.     The  medium-sized  mill  irri- 
Srates  a  jwrtion  of  a  6-acre  tract  set  with  egg  plant  for  the  Lincoln 
j      iiia.rket.     Mr.  Goodrich  has  gone  to  considerable  expense  in  attempts 
j      to  raise  water  by  horse  power  for  the  improvement  of  his  farm,  and 
^specially  for  his  extensive  market  gardens,  and  the  present  experi- 
^^ent  is  an  attempt  to  use  the  wind  as  a  much  more  economical  means 
t4>  that  end. 
i  -At  Cozad  there  is  a  jumbo  of  medium  size,  which  is  sensitive  to  light 

^^nds  and  is  used  in  irrigating  the  market  garden  and  small  fruit  of 
Mr.  M.  J.  Olson  (see  PL  VII,  A),  The  box,  which  was  about  9  by  13 
^y  6  feet  high,  carried  six  fans,  having  a  radius  of  0  feet  and  a  length 
^^  8  feet,  mounted  on  a  1-inch  iron  axis  with  metal  bearings  and  oil 
^^ps  from  old  machinery.  A  12-inch  crank  with  friction  roller  was 
attached  to  the  longer  arm  of  a  lever,  9  feet  long  (as  shown  in  fig.  5), 
t't^e  shorter  arm,  6  feet  long,  being  attached  to  the  pump  rod.  It  pumps 
^ater  with  a  16-inch  .stroke  from  an  18-foot  well  with  3-inch  casing 
^^thout  cylinder.  It  has  pumped  1,200  gallons  in  an  hour,  as  meas- 
^^•«<i  by  its  owner.    The  mill  and  all  incidentals  cost  $20. 

iTie  jumbo  may  be  constructed  out  of  almost  any  waste  or  idle  prop- 
ertj^^  The  axis  may  be  of  wood,  gas  pipe,  or  solid  shafting,  and  the 
^•^^iiework  may  be  of  poles  cut  from  the  place,  the  box  of  old  lumber. 
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Iks  sails  of  duck,  burlap,  sheeliag,  teIlt^iI>g.  vreatherboftnUng,  r^ 
fOsee,  barrel  fltnveii,  nr  o1<l  tiu  and  sheet  iron.  All  these  BdApbtliona 
n  seen. 

Two  jumbo  millH  on  the  martet  garden  of  the  Travis  Brra^Df  Li- 
tAn,  afforded  tho  writt-r  an  opportunity  to  sf«  the  vorkisga  of  th^ 


li lis  and  their  practical  reflalt«.  Thongh  liaatily  and  itoorly  boilti 
bey  demonstrated  their  UBefnloeas,  and  are  easily  worth  their  cost. 
One  cost  &8,  the  other  111.     The  two  mills  irrigate,  as  far  as  i'  '' 


desirable  to  irrigate  in  this  region,  about  8  acres  of  garden.  Accow- 
ing  to  the  gardeners  the  yield  was  ahead  of  the  demand  of  the  msTl:^'' 
Mill  No.  1  (shown  on  the  left  in  fig.  6),  with  a  box  9  feet  wide,  13  fe^' 
long,  and  8  feet  high,  carries  four  fans  of  burlap,  each  9  by  i  f<**' 
stretched  on  arras  6^  feet  from  the  center,  and  pnmps  water  into  a  loWf- 
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narrow  reseryoir,  150  by  4  by  2  feet  deep,  skirting  the  higher  edge  of 
a  5-acre  patch.  The  grade  was  such  that  the  rows  of  vegetables  were 
qaickly  flushed  with  water  when  necessary.  At  the  four  corners  of 
the  box  are  four  uprights  or  standards,  carrying  on  top  a  pulley  with 
rope  attached  to  a  sliding  cut-off  or  wind  guard,  to  be  raised  and  low- 
ered in  adjusting  the  mill  to  winds  of  varying  velocity.  These  guards, 
constructed  on  a  wrong  plan,  greatly  increased  the  expense  for  lumber. 
Mill  No.  2  (shown  on  the  right  in  fig.  6),  of  about  the  same  size,  cost 
#11,  and  irrigates  an  adjoining  3-acre  tract  successfully,  but  is  capa- 
ble of  doing  more  work. 

In  the  case  of  these  two  mills  a  defense  is  found  for  the  adoption  of 
the  cheap  homemade  mill.  The  position  of  these  two  gardens  in  the 
outskirts  of  Lincoln  made  two  mills  necessary.  The  enterprise  was  in 
the  nature  of  an  experiment;  accordingly  from  a  business  standpoint 
it  was  assuming  much  less  risk  to  erect  two  cheap  mills  than  to  put  up 
tvo  steel  mills,  each  of  which  would  probably  have  cost  twice  as  much 
as  the  two  jumbos  together.  If  successful  when  well  established  and 
past  the  experimental  stage,  the  enterprise  may  deserve  a  better  type 
of  mill,  whether  homemade  or  shopmade.     (See  VIII,  A.) 

The  argument  for  the  jumbo  on  the  ground  of  experiment  is  further 
exemplified  in  the  case  of  the  John  Tannehill  nursery'  and  garden  at 
Columbus.     Finding  that  his  orchard  thrived  and  that  it  was  well  set 
with  fruit,  which,  however,  fell  off  before  reaching  maturity,  he 
inferred  that  this  was  due  to  insufficient  moisture,  and  proceeded  to 
experiment  by  building  a  large  jumbo,  which  has  become  a  sort  of 
landmark.     It  is  a  large  mill,  capable  of  driving  two  6-inch  cylinders 
and  of  irrigating  about  10  acres  of  orchard.     It  is  built  on  approved 
plans,  especially  with  respect  to  the  fans.     The  six  16-foot  fans  have 
long  arms  (9  feet),  not  boarded  up  solidly,  but  with  a  space  below  for 
the  *'  dead  air" — that  is,  the  air  which  has  struck  the  fan  and  used  up 
its  energy.     The  object  is  to  get  rid  of  this  as  quickly  as  possible, 
thus  making  room  for  fresh  air  with  unexpended  energy.     There  are 
six  fans,  well  bolted,  wired,  and  braced,  mounted  high  on  a  box,  sub- 
stantially made  and  securely  anchored.     The  mill,  pumps  water  into 
» reservoir,  from  which  it  is  drawn  off  to  irrigate  the  orchard. 

This  experiment,  which  cost  $100,  was  a  success.  By  artificially 
supplying  a  little  more  moisture  the  orchard  holds  and  ripens  the  fruit 
^hich  formerly  dropped  off  prematurely. 

SCREW  JUMBO   WINDMILI>4. 

The  screw  jumbo  (see  PI.  VIII,  B)  is  of  rare  occurrence,  the  author 
Slaving  found  but  two  in  the  State — one  at  Trenton,  Hitchcock  County, 
*^^  the  other  at  Ainsworth,  Brown  County.  AVTiile  it  is  altogether 
P>*obable  that  they  are  not  so  efficient  as  their  enthusiastic  builders 
^'ieve,  they  are  successful  and  are  not  lacking  in  interest  to  the 
®^^dent  of  windmills. 
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Perhaps  one  claitii  to  Hiiiieriority  is  well  ffroanded.  The  screw 
jiimlKi — also  known  in  the  vernacular  of  the  Great  Plninsas  a  "regu- 
lar 8t«m-wiii(ler " — receives  wind  from  the  east  and  west  lUmostas 
well  as  from  the  north  and  south.  Their  builders  say  that  they 
resjKjnd  to  wind  from  every  quarter.  The  sails,  which  are  of  duck, 
although  thin  wood  might  be  used,  are  not  stretched  on  a  line  parallel 
with  the  H.vle,  but  pass  diagonally  frou  oue  arm  to  that  next  behind 
it,  and  so  on,  producing  a  twisted  or  auger-shaped  effect  in  the  mil!, 
Tte  claim  that  the  mills  run  with  great  steiwliness  is  doubtless  true, 
for  it  is  readily  seen  by  a  glance  at  the  cut  that  each  fan  i-eceives  the 
advautageons  wiH<l  progressively  throughout  its  entire  length,  and 
that  the  fans  are  not  alternating  between  wlvantageous  and  disad- 
vantageous positions  iu  the  wind.  A  glance  will  be  sufficient  to  sho» 
that  some  position  of  the  fans  will  be  struck,  no  matter  in  what  direc- 
tion the  wind  may  blow.  The  boxes  for  screw  jumbos  are  boarded 
on  the  sides,  but  left  entirely  open  at  the  ends. 
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The  jumbo,  as  before  stated,  is  a  mill  of  low  efficiency  at  the  best, 
a  fault  mwle  more  pronnunoed  by  careless  eonstruetion.  lack  of 
rigidity,  and  poor  ancllo^ 
Age.  The  mill,  as  well  as 
the  farm  she4s  and  out- 
buildings, should  be  strong 
enough  tM  weather  the  bluAt 
and  storm.  Lack  of  rigid- 
ity is  another  fatal  over- 
sight. The  round  wire  nail 
when  first  driven  home 
seems  strong,  but  constant 
\'ib ration  may  drav  it 
slightly,  or  the  hole  may  I* 
enlarged  so  as  to  allow  tiw 
much  play,  foreshadowing 
ultimate  destruction.  This 
may  be  avoided  by  thens* 

enlDB  juiobu  windmill  armfl'inthaailH.  Of  anOCCUSional  bolt.   BoUS 

are  cheap  and  may  he  o\>- 
tatned  at  any  hardware  store.  The  fans  should  be  bound  togetier  hy 
fencing  wire,  rendered  taut  by  doubling  and  twisting.  Good  anehomg^ 
is  readily  obtained  by  burying  ptwts  with  crosspieees  on  the  boll*"' 
and  slJiUiping  the  earth  firmly  around  them.  These  measures  of  pr^ 
caution  should  always  be  observed,  especially  in  the  case  of  larjr^ 
mills.  The  probability  of  failure  and  disapiwintraent  should  be  for*" 
stalled  by  rejecting  the  popular  four-fan  mill  and  accepting  the  sii 
(?r  eight  fan  design  instead.     One  of  the  worst  errors  of  conHiruclio" 
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18  to  weaken  a  x>art  which  is  subject  to  stress  and  strain.  An  example 
of  this  is  found  in  the  way  holes  are  mortised  through  axes  for  the 
armsy  as  shown  in  fig.  7.  When  an  8  by  8  inch  axis,  having  a  span  of 
18  feet,  is  cut  through  at  each  end  to  admit  2  by  4  inch  arms,  it  is 
disqualified  for  long  use. 

Methods  of  attaching  the  arms  are  shown  in  fig.  7  and  Pis.  IX,  X,  XI, 
which  are  self-explanatory.  When  loaded  down  with  heavy  arms 
and  fans  it  is  a  severe  test  for  any  stick  of  timber  or  gas  pipe  or  shaft- 
ing to  span  15  or  18  feet.  Accordingly  the  author  proposes  what  he 
may  call  twin,  triplet,  and  quadruplet  or  multiple  jumbos.  By  this 
means  a  jumbo  of  any  length  and  of  almost  any  strength  is  possible, 
for  the  axis  has  support  every  8  or  10  feet.  (See  Pis.  XI,  A^  and  XII, 
A,)  This,  the  writer  believes,  is  the  means  of  making  powerful 
jumbos,  especially  if  a  chain  and  bucket  are  used  instead  of  a  pump. 
In  regions  of  shallow  wells  these  gangs  of  jumbos  might  be  used 
for  irrigation  on  a  larger  scale  than  is  possible  with  the  ordinary 
jumbo. 

It  seems  so  essential  that  the  jumbo  should  be  cheap  that  the  author 
would  minimize  expense  by  doing  away  with  the  box  and  by  adapting 
sheds  and  buildings  to  this  use.     Every  well-regulated  farm  has  its 
complement  of  sheds.     It  will  cost  no  more  to  arrange  them  with  ref- 
erence to  carrying  the  fans  of  a  jumbo  or  multiple  jumbo.     Comcribs 
which  are  built  in  pairs  facing  each  other  with  a  driveway  between 
seem  suited  to  this  purpose,  as  shown  in  PI.  XII,  A,     In  the  mill 
illustrated  the  fans  are  slowed  down  by  a  brake  and  are  then  tied,  as 
is  the  common  practice.     In  this  case  the  cut-offs  or  wind  guards  are 
omitted,  it  being  assumed  that  the  mill  is  well  enough  built  to  resist 
storms  and  wind.     Rafters  could  be  extended  to  support  the  axis. 
The  labor  and  expense  in  that  case  would  be  confined  to  the  con- 
Btruetion  of  the  driving  parts  or  fans.     Many  mills  could  be  built 
without  cost.     By  the  multiple  plan  mills  might  be  built  of  sufficient 
strength  for  shelling  and  grinding  as  well  as  for  pumping. 

Many  men  increase  the  cost  of  their  mills  by  wind-breaks,  guards, 
or  cnt-offs  in  use.  Some  allow  their  mills  to  run  in  whatever  wind 
blows,  others  adjust  breaks  in  such  a  way  as  to  regulate  them,  others 
baild  sliding  guards,  which  run  up  and  cut  off  the  wind  wholly  or  in 
P&rt,  as  need  be.  The  author  would  suggest  that  it  is  as  easy  and 
^^^  expensive  to  let  the  sides  of  the  box  itself  be  adjustable,  as 
shown  in  PI.  XII,  5,  instead  of  building  cut-offs,  one  on  the  north 
side  and  the  other  on  the  south  side  of  the  box.  If  balanced,  the  sides 
^uld  be  raised  and  lowered  with  little  exertion.  Or,  simpler  still,  the 
^orth  and  south  sides  of  the  box  might  be  hinged  so  as  to  be  let  down ; 
^^enthe  wind,  striking  equally  against  the  top  and  bottom  fans,  would 
^p  them.  Jf  objected  to  on  the  ground  that  the  fans  thus  unpro- 
^ted  are  exx>osed  to  too  much  wind,  it  may  be  rejoined  that  there  is 
^o  reason  why  they  should  not  be  made  strong  enough  to  resist  it  as 
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easily  as  the  cut-off.     One  could  check  the  mill  or  stop  it  outright, 
according  as  he  lowered  the  door  a  little  or  dropped  it  flat. 

The  arms  should  be  of  good  length,  eay  5  to  7  feet,  thus  securing 
leverage  with  light  fans,  which  seeme  better  than  to  use  Ji  fan  of  leew 
Tadiua  and  greater  length  aud  weight.  The  fans  should  cover  about 
one-third  of  the  length  of  the  arms.  If  the  axis  is  of  wood  it  mast 
be  rounded  at  the  bearings,  care  being  taken  that  &a  little  as  possible 
be  cut  away,  otherwise  the  axis  will  be  weakened.  The  crank  ia 
4ily  made,  aud  if  the  size  of  the  mill  warrants  it  there  should  be 
e  at  each  end.  Some  prefer  wood,  others  metal;  it  is  a  matter  of 
Indifference  which  is  used,  so  that  it  is  rigid. 


Mechanically  the  best  pump  is  faulty.  Other  things  being  equal, 
the  endless  chain  of  buckets  is  doubtless  better.  Here  the  pressure 
is  not  intermittent,  but  is  constant  at  all  times.  These  buckets  are 
adapted  to  sprocket  wheel  and  chain,  and  where  the  lift  is  nut  tou 

I  great  these  are  to  be  recommended.  The  pump,  however,  is  the 
familiar  water  lifter  and  the  one  generally  adherod  to.  When  the 
mill  is  large  enough  to  warrant  it,  two  pumps  of  sizea  suit«d  to  the  mill 
should  l>e  used,  but  it  should  be  rememlwred  that  it  is  probably  hh 

I  great  waste  of  energy  to  overload  as  to  underload  the  mill. 


MERRV-OO-ROUND    WINDMHiLS. 


Windmills  of  all  makes  have  natural  limitations,  and  the  merry-go- 
round  18  a  lealization  ot  sn  attempt  to  devise  mills  of  unlimit{>d  size 
aud  strength.     The  larger  ones 
are  of  rare  occurrence,  but  * 
seen  in  several  parts  of  the  Slate. 
The  smaller  ones  are  mounted  on 
towers,  the  lai^r  ones  on  tbf 
ground,  as  shown    in    PI.   XIII. 
The  former  are  the  more  eoni- 
mon  and  look  like  elevated  wu1«r 
tanks,  for  which  they  are  ofwn 
mistaken. 

The  fans  revolve  about  a  ver- 
tical axis,  and  surrounding  all  is 
a  series  of  movable  shutters, 
which  come  together  and  form  a 

Ham  WlDO,  Barwln,  Nebraalca.  showing  semi-      soi't  of  ClOSed  cylinder  when  the 
c^cular  hood  on  roUors  suidsd  hy  Urae  rud-      ^^-jj  j^  ^^^  ^j  ^^^^       y^^^^  j^  ^ 

tion  they  are  partly  openetl,  ad- 
mitting air  to  the  fan  on  one  side  and  excluding  it  from  the  other. 
But  these  are  quite  as  limited  in  size  as  other  mills,  and  so  defeat 
one  important  purpose  of  the  merry-go-round.     This  kind,  which  is 
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bken  as  the  lowest  of  its  order,  is  generally  small,  perhaps  6  to  12 
feet  in  diameter  aad  6  to  IS  feet  high,  exclusive  of  the  tower.  It  is  of 
doabtful  etBciency,  thoagh  in  aotive  operation,  and  is  intricate  enough 
to  require  skilled  labor  and  expensive  material,  which  in  part  unRtB  it 
for  general  adoption.  One  seen  at  Grand  Island,  on  the  farm  of 
Mr,  Henry  Joehnck,  when  bnilt  fourteen  years  ago,  rendered  impor- 
tant service  in  irrigating  garden  track  for  the  Grand  Island  market. 
At  Greeley  Center  a  similar  mill,  20  feet  in  diameter,  is  used  for 
grinding,  ther(t  being  a  lack  of  water  power. 

The  merry-go-ronnd  mill  of  Mr.  William  A.  Winn,  of  Custer  County, 
consists  simply  of  a  series  of  fans  radiating  from  the  central  axis. 
Around  the  same  axis  revolves  a  great  semicylindrical  hood  or  cut-off, 
ahown  in  fig.  8,  running  on  friction 
rollers  and  guided  automatically  by  a 
large  vane.    When  in  action  half  of 
the   fans  are  expnased  and  half  pro- 
tected, as  shown  in  plan  (fig.  9).    The 
mill  is  thrown  out  of  the  wind   by 
swinging  the  shield  fully  around  in 
the   direction   from  which  the  wind 
ODmes,  thtis  covering  all  the  fans. 
These  are   mills  capable  of  many 

modifications  and  adaptations.    They 

are  easily  built,  braced,  and  supported, 

and  no  mill  perhaps  lends  itself  more 

Undly  to  unlimited  extension,  all  of 

■  which  should  bring  them  into  prom- 

■  inence  that  they  have  not  yet  enjoyed; 
important  results  may  be  expected 
bom  these  mills.  This  type  of  mill  is 
worthy  of  development. 

In  western  Nebraska,  near  the  Colo- 
rado line,  where  the  precipitation 
niQB  as  low  as  12  to  Ifi  inches  and 

t^poration  as  high  as  6  feet,  irrigation  begins  to  be  imperative.  Here 
10  acres  have  been  successfully  irrigated  by  Mr.  E.  K.  Blackman's 
inorr}--go-round,  and  this  is  more  of  a  test  Uian  it  would  have  been  in  a 
more  humid  portion  of  the  State.  This  mill,  as  he  describes  it,  is  24 
'»<titi  diameter  and  carries  numerous  swinging  door-like  fans  of  light 
*ood  C  feet  high  by  4  feet  wide.  The  tann  are  free  at  one  edge,  as 
*own  in  plan  in  fig,  10,  and,  like  a  flag  floating  from  the  mast,  they 
Swing  edgewise  against  the  wind,  this  1>cing  the  line  of  least  resist- 
^ce.  But  the  moment  the  center  is  passed  each  fan  in  turn  swings 
"Mk  against  the  immovable  arms  and  exposes  its  34  square  feet  of 
surface  to  the  impact  of  the  wind.  IlalC  of  the  fans  are  continually 
'0  tile  wind  and  half  out  of  it.    Such  a  mill,  well  made,  might  be  an 
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engine  of  nlrength,  but  careful  work  and  welt-oonaliiei'ed  plans 
necessary  to  avoid  resistance  and  loss  nf   power.     Mr.    Black 
iusists  that  this  is  the  cheapest  and  most  efficient  mill  for  its  weight 
that  can  be  built.     His    mill  cost  44.75,  exclusive  of   home  labor, 
pnmps  an  8-incli  stream,  and  irrigates  10  acres. 

A  similar,  though  larger  and  much  more  elaborat«  mill,  desi^e^ 
and  bailt  by  Mr.  S.  S.  Yidetto,  may  be  seen  on  a  ridge  near  Lin''<'!ii. 
(See  PI.  XIV,  A.)  The  mill  is  probably  40  feet  in  diameter  lui.i  li 
to  14  feet  high.  It  runs  on  a  circular  steel-rail  track,  and  is  con- 
nected by  cogwheels  to  a  tumbling  shaft  which  drives  the  pumping 
machinery. 

These  mills  are  broad  of  base,  and  eorreepondingly  stable.  There 
is  no  apparent  limit  to  their  size,  and  they  maj'  embody  important 
ideas. 

It  is  certainly  desirable  to  have  aonie  powerful  windmills,  and  tii« 
author  has  designed  several  which,  though  too  lai^>,  perhaps,  U<  be 
practicable,  were  conceived  in  the  hope  that  some  available  means  uf 
raising  tlie  underflow  waters  of  the  Platte  and  other  rivers  might  yd 
be  found.     Here,  at  a  depth  of  4  or  5  feet  in  coarse  pebbles,  is  m 
inexhaustible  supply  of  water,  of  which  but  meager  use  is  niad<^.    Tbr 
advent  of  a  good  water  lifter  will  revolutionize  all  this.     At  presMii 
but  (in  occasionai   seepage  or  underflow  ditch  is  dug,  such  as  tht- 
Gould-HoUingsworth  ditch  at  0^1- 
lala.     Tho  trouble  lies  not  iu  th» 
supply,  but  in  the  fact  that  one  mos'' 
go  upstream  4  or  5  miles  to  get  tli*' 
required  fall.     For  private  ownc**" 
ship  the  expense  is  often  prohit**' 
tive.     It   requires    no  engineeriti^ 
feat  to  devise  and  construct  win*.*' 
mills  [xiwerf  ul  enough   to  do  tli  *  - 
work,  and  the  author  confidentl> 
hopes  for  its  realization. 

The  merry-go-round,  when   pe-*" 
fected,  gives  great  promise.     In  tl » * 
construction  of  these  mills  the  ii»*' 
portance  of  rigidity  is  again  to  L** 
emphasized,  for  especially  light  m^' 
terial   enters  into  their   make-u('- 
Bolts  and  twisted  wire  should  be  used  freely.     Where  cogwheels  an*' 
shafting  are  not  at  hand,  they  can  be  obtained  in  the  market.     The 
axis  may  be  a  suitable  pole  cut  from  the  place  and  guyed  securely  by 
wires  in  several  directions,  and  the  mills  may  be  so  set  between  sheds 
as  to  shield  part  of  the  fans;  or  swinging  doors,  as  shown  in  PI.  XIV, 
B,  may  be  used  to  possible  advantage.     They  may  also  be  mounted 
on  sheds.     The  arms  ought  to  be  made  of  new  lumber,  but  packing 


uttKxnul  BATTLE-AX  WINDMILL&  47 

M>xe8  would  famish  material  good  enough  for  the  fans,  which  may 
le  made  of  wood,  duck,  or  sheet  metal.  PI.  XIV,  B,  illustrates  an 
light-fan  merry-go-round  windmill  designed  by  the  writer.  The 
iiameter  is  20  to  25  feet,  and  the  fans  6  to  9  feet.  Four  gates  or 
rind  guards,  each  of  which  is  so  hung  upon  the  corner  post  as  to 
rwing  through  270°,  easily  throws  the  mill  in  or  out  of  action.  The 
ligh-geared  wheels  and  shafting  below  are  not  shown. 

OPEN-PACED   OR  TURBINE   WINDMILLS. 

Open-faced  or  turbine  mills  may,  for  convenience,  be  divided  into 
ivfe  distinct  kinds,  as  follows,  arranged  in  inverse  order  of  their 
mjK)rtance:  Battle-ax  windmills,  Holland  windmills,  mock  turbines, 
reconstructed  turbines,  and  shopmade  turbines. 

These  are  the  windmills  of  preeminent  importance.  They  represent 
he  most  specialized  type  of  windmill,  and  the  man  who  is  about  to 
jonstruct  a  mill  of  some  other  form,  though  in  great  favor  locally, 
oay  well  afford  to  consider  the  i)OSsibilitie8  which  this  kind  of  mill 
kffords.  The  simpler  mills  are  easily  constructed,  and  are  inexpen- 
ive,  efficient,  and  altogether  superior,  in  the  estimation  of  the  writer. 

BATTLE-AX  WINDMILLS. 

In  its  simpler  form  this  mill  consists  of  a  tower  for  the  support  of  a 
lorizontal  axis  and  crank,  to  which  arms  are  attached  bearing  at  their 
sxtremities  fan-like  blades,  which  have  a  real  or  fancied  resemblance 
to  a  battle-ax;  hence  the  name. 

Justification  for  this  is  found  in  the  fact  that  the  arms — which  are  the 

handles — each  carry  a  fan,  shaped  in  some  instances  like  a  battle-ax. 

It  is  certain  that  their  keen  edges  cleave  the  air  in  a  belligerent 

fashion.     When  viewed  from  the  side  an  optical  illusion  is  produced, 

and  these  revolving  blades  seem  to  be  slashing  wildly  at  space  in 

opposite  directions.     However,  they  fight  their  way  through,  and  are 

victorious  mills,  worthy  of  praise. 

Like  the  jumbo  and  set  turbines,  the  battle-ax  mill  has  its  axis  set 
in  the  direction  of  the  prevailing  wind — that  is,  north  and  south. 
The  axis  may  be  of  wood,  rounded  to  fit  in  wooden  bearings,  or  it 
may  be  of  wood,  but  with  metal  ends  or  bearings,  or  it  may  be  gas- 
pipe  shafting,  or,  as  is  not  uncommon,  the  axis  of  a  buggy  or  wagon. 
This  is  the  fundamental  part,  and  to  it  are  attached  the  four  fans, 
six  fans,  eight  fans,  or  many  fans,  as  the  case  may  be.  The  jumbo 
iteelf  can  not  exceed  the  battle-ax  in  simplicity,  cheapness,  or  power. 
The  battle-ax  mill  is  presumably  the  superior  of  the  jumbo  in  all 
'^pects.  These  are  mills  of  simple,  cheap,  and  easy  construction, 
*nd  are  efficient.  In  size  they  run  from  8  to  10  feet,  the  more  common 
sizes,  up  to  powerful  mills  16  feet  in  diameter. 

Grand  Island,  in  the  Platte  Valley,  about  90  miles  west  of  Lincoln, 
^  *  Center  for  windmills.     They  are  found  in  the  town  and  for  miles 
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around.  Irrigation  iit  this  portion  of  the  State  i»  nut  Mtrieti 
Bory.  It  isHJaitilya  way  of  increasing  the  ordinary  quuutity  a 
of  the  jielti,  and  is  reoorted  to  sparingly.  Some  of  th<>so  milli 
nearly  iudlstiuguisbable  from  the  shopmade  millti  that  they'; 
be  reproduced.  The  majority  are  of  the  battle-ax  type, 
enpecially  coiuiuendi?d  to  the  attention  of  farmers  and  stockn 
The  four-hliide  liattlo-a\,  about  8  feet  in  diameter,  is  the 
type  around  Grand  Island  and  farther  west.  Such  a  mill,  wit 
ing  capacity  sufficient  for  100  to  123  head  of  cattle,  may  cost 
but  (should  not  cost  tlO,  and  may  bo  built  by  those  who  are  u 
without  any  outlay.     Poles  and  strong  limbs  answer  the  pn 
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well  as  new  lumlier,  old  dry-goods  boxes  furnish  material 
for  fans,  and  old  wire,  nails,  and  bolts  are  common  on  eve 
The  majority  of  the  mills  are  nuule  in  this  way,  although  i 
much  more  elaborate.  The  principle  of  the  adaptation  of  d 
machinery  is  particularly  exemplified  in  the  constructioi 
battlo-ax  mills.  In  mostof  them  the  journals,  gearings,  i-ods, 
wheels,  nuts,  bolts,  braces,  and  lumber  of  diseattUKi  mavhi 
used.  Accordingly  they  are  provided  with  well-made  and  fa 
tionless  l>earings,  whicii  help  to  render  them  sensitive  to  ligl 
The  mill  of  Mr.  Jacob  Geiss,  near  Grand  Island,  which 
regarded  as  typical,  is  a  12-foot  four-fan  battle-ax,  with  a 
feet  long,  mounted  upon  a  suitable  tower.  It  pumps  from  ti 
well  more  than  is  required  for  12-5  head  of  cjitlle.     (See  fig.  1 
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^  Grand  Island  westward  to  Ogallala  the  battle-ax  Is  the  dom- 
Jit  type  of  homemade  mill.  At  Overton,  on  the  farm  of  Mr, 
'thew  Wilson  (PI.  XV,  A),  are  found  two  battle-ax  windmills,  each 
>  quarter  section  of  a  beautifnl  and  improved  farm  of  1,600  acres, 
°Mh  pumping  wat«r  for  50  head  of  cattle.  This  is  a  large  farm, 
^ith  several  hundred  head  of  cattle,  as  many  bogs,  and  a  bam  full 
''<^h  cows  and  horses,  it  was  fonnd  convenient  to  supplement  the 
-  '^t  two  large  Perkins  mills  with  two  battle-ax  mills.     The  two 
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were  bnilt  at  a  cost  of  *1.60  each,  and  each  pumps  for  its  quar- 
wtion.  In  addition,  one  pamp  irrigates  successfully  1  acre  of 
n,  the  water  being  conducted  from  the  pump  to  the  rows  by 
1  galvanized -iron  pipe.  Nowhere  is  there  a  more  intelligent  use 
iterial.  Three  cottonwood  poles,  as  shown  in  fig.  12,  properly 
■red  and  braced,  constitate  the  tripodal  tower,  a  buggy  axle  and 
>le8  the  axis,  and  thin  lumber  the  faos.     In  theae  bearings— kept 
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well  oiled — the  mill  runs  as  smoothly  as  formerly  did  the  c 
wheel  on  Us  spindle.  The  crank  is  jidjustable  to  an  8-inch  o 
stroke,  as  desired.  (See  PI.  XV,  .4.)  lu  PI.  XV,  B,  is  she 
l>attle-Hx  wind-mill,  tower,  milk-houi^e,  and  stock  troughs  ( 
Woulf,  near  Grand  Island,  Nebraska.  The  diameter  of  the  ' 
10  feet,  and  the  cost  $3  to  $5.  This  mill  pumps  water  for  48 
cattle.  The  method  of  construction  is  shown  in  fig.  13.  To  i 
mill  the  rope  attached  to  the  lout;  crank  is  made  fast  to  a  clea 
base  of  the  tower. 

Six-  and  eight-fan  battle-axes  differ  from  four-fan  mills  cl 

numbers.    However,  they  are  usually  considerably  largerand  vi 

iiiodi&ed,  and  worthy  of 

mention,  at  least  in  »ev 

stances. 

The  six-fan  battle-ax  w 
of  John  Hardens,  near 
Island,  Nebraska  (see  F 
A),  is  8  feet  in  diamet 
cost,  including  tower,  pu' 
pipe,  S12  to  $U.  It  is  [ 
irrigatinga  small  market 
and  is  mounted  on  a  firm  1 
Cottonwood  iioles,  broad 
base.  The  brake,  mana 
the  brake  i-ope,  rubs  a^ 
i.-ngwheei  kej^ed  to  the  a: 
tlius  (.Miulrols  Ihe  wheel. 

The  eiffht-fan  battle-a: 
mill  of  Mr.  Diedtrich  Hu( 
(PI.  X\a,B),nfar  Grand 
attracts  special  attentii 
lU.so  it  i.s  made  of  old  ui 
at  a  cost  of  but  $14,  in 
the  mill  and  an  unusual' 
and  well-ironed  water  tan 
mill  alone  cost  $C  to  tS,  and  in  etficiency  is  a  rival  of  the  st 
costing  t«n  or  twelve  times  as  much.  The  diameter  of  the  ■ 
10  feet,  and  the  stroke  8  inches.  The  mill  was  located  in  tl 
yards,  b<»rdere<l  by  stjiUs  and  pens,  and  pumped  from  a 
well  all  of  the  water  needed  by  the  stock.  It  was  snppo 
heavy  Cottonwood  posts,  on  which  was  bolted  the  framework 
thrashing  machine,  with  journals  and  cogs  in  ]ilace.  The  co 
geared  in  the  ratio  of  3  to  1.  The  fans,  which  are  3  feet 
inches  wide  below  and  20  inches  wide  above,  were  made  of  tl 
and  ends  of  boxes.  Advantage  was  taken  of  the  fact  that 
pulley  was  attached  to  the  shaft  (fig.  14).    A  friction  brake,  n: 


Fid.  U.-Uethud  o(  conatractloa  of  tlio  battle- 
u  vlndmUl  of  Fred  Woall,  near  QrsurJ  l8 
Nebraska.    Broke  rape  uid  crauk  tu  the 
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by  an  old  wagon  brake,  was  cramped  on  the  pulley,  checking  or 
stopping  the  mill. 

Thu  largest  and  most  remarkable  battle-ax  mills  !n  the  State  are 
probably  those  of  J.  S.  Peckham,  5  miles  southwest  of  Gothenburg, 
and  of  his  sou,  E.  L.  Peckham,  a  mile  distant. 

These  are  veritable  wind  engines,  aad  they  probably  illustrate  what 
may  be  done  by  the  homemade  mill  better  than  any  of  the  other  mills 
visited.  On  this  splendid  farm,of  a  thousand  or  more  acres,  there  is 
an  interesting  array  of  windmills,  houses,  bams,  grain  houses,  sheds, 
cattle  yards,  orchards,  vineyards,  and  the  young  bnt  lofty  trees  of  a 
timber  claim.  There  were  four  shopmade  mills,  one  Dempster,  two 
Perkins,  and  one  Aermotor,  pumping  water  for  the  stock  and  for  the 


house,  and  two  giant  battle-as  mills,  driving  two  pumps  each  for  the 
irrigation  of  15  acres  of  orchard,  vineyard,  and  small  fruit. 

These  mills  were  designated  Mill  No.  1  and  Mill  No.  2,  shown  on 
the  left  and  right,  respectively,  of  PI.  XVII,  A.  Both  were  mounted 
on  the  same  kind  of  tower,  and  were  identical  in  size  and  make. 
No.  1,  however,  worked- two  pumps  with  3i-inch  cylinders,  and  No.  2, 
tvo  pumps  with  4-tnch  cylinders,  so  that  the  results,  as  shown  by  the 
amount  of  water  discharged,  were  quite  different. 

'Hie  towers,  each  about  20  feet  in  height,  were  made  of  timbers  2 
^Ji  inches  with  pieces  4by  4  inches  for  the  corners.  They  were  broad 
St  the  base,  about  16  feet  sq,uare,  and  well  cross-braced.    The  wheel, 
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'  16  feet  in  diameter,  consisted  of  eight  heavy  woodeu  faos  5^  feet  long 
sod  5  foot  at  the  top,  taperingto  2i  feel  l>elow  (about  25  sqoare  feet  of 

I  sarfac*  on  each  fan).     These  were  cross-eleated  aiid  very  rigidly  made 

'  and  then  securely  bolted  ou  a  slant  to  the  double  2  by  4  inch  arms. 

I  The  arms  were  made  by  springing  and  bolting  into  position  pairs  oE 
16  feet  2  by  •!  inch  timbers  over  the  axis,  which  was  8  inches  square!^ 

I  and  had  a  span  of  lij  feet.     The  axis  was  not  solid,  but  consisted  oM 


Via.  15.— B»ttl< 


two  planks  4  by  8  by  16  feet,  spiked  and  bolted  together.  This  offered 
an  advantage  in  the  judgment  of  the  designer,  in  that  it  allowed  the 
adjustment  and  keying  in  place  of  the  2-inch  iron  bearings  whicb 
carried  the  cranks  and  on  which  the  axis  was  to  turn.  Their  size 
demanded  special  rigidity,  which  the  designer  did  not  overlook  ai 
any  point.  They  were  mlmirably  constructed,  and  ran  us  smoothlj 
and  Its  noiselessly  as  a  steel  mill.     They  coat  aboutf25  each  (exclusive 
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labor)  and  iMrtly  irrigated  15  acres  of  orchard,  which  they  are 
able  of  irrigating  well  when  the  water  is  economically  and  prop- 
'  applied. 

5  to  efficiency,  Mill  No.  1,  with  two  3-inch  cylinders  and  a  10-inch 
ke,  pumped  in  a  13. 5-mile  wind  at  the  measured  rate  of  14,760  gal- 
I  in  twenty-four  hours  from  a  well  42  feet  deep,  although  one  valve 
badly  out  of  order. 

ill  No.  2  made  a  better  record,  both  because  of  the  larger  cylin- 
( and  the  better  condition  of  the  valves.  In  a  13.5-mile  wind  this 
,  with  a  10-inch  stroke,  discharged  at  the  rate  of  nearly  1,000  gal- 
.  per  hour  (or  to  be  exact  930  gallons  per  hour),  or  22,320  gallons 
wenty-four  hours,  from  a  well  42  feet  deep.  This  amount  was 
ktly  exceeded  when,  later  in  the  day,  the  wind  velocity  rose  to  15 
js  per  hour.  Though  not  apparently  overloaded.  Mill  No.  2  ran 
reciably  slower  than  No.  1. 

rom  the  farmer's  standpoint,  mills  capable  of  doing  such  work  can 
be  purchased  at  a  price  commensurate  with  the  cost  of  building 
n.  Thus  some  have  built  mills  who  otherwise  would  have  bought 
n.  These  two  mills  are  a  credit  to  any  estate,  and  are  commended 
ihe  author  to  the  consideration  of  farmers  who  prefer  to  build  their 
dmills  for  heavy  service. 

.  mile  distant  is  the  farm  of  the  son,  E.  L.  Peckham,  who  owns 
perty  almost  as  extensive  as  that  of  the  father.  The  farmhouse 
IB  like  a  city  residence,  with  its  fine  green  lawn.  The  young 
lard,  large  vegetable  garden,  and  flower  garden,  2  acres  in  all,  are 
lels,  due  to  the  water  supplied  by  a  mill  exactly  similar  in  all 
)ects  to  the  original  battle-ax  mills  Nos.  1  and  2,  except  that  this  is 
•e  heavily  braced  and  otherwise  improved.  It  lifts  water  27  feet  by 
pumps  with  4-inch  cylinders,  irrigates  2  acres,  and  sprinkles  the 
D.  The  total  cost,  including  pumps  and  all  incidentals,  was  $75. 
he  remarkable  two-fan  battle-ax  mill  of  £lmer  Jasperson  may  be 
I  near  Ashland,  Nebraska,  mounted  along  the  ridge  pole  of  a  north- 
;h  comcrib  and  wagon  house  (see  PI.  XVII,  B).  Heavy  semicir- 
ir  fans  of  wood,  with  a  diameter  of  10  feet,  are  mounted  on  a  sub- 
Ltial*axis  having  a  span  of  12  feet;  to  this  is  attached  the  sprocket 
el  and  chain  for  transmitting  the  energy  of  the  wind  to  the  corn 
ler  and  feed  grinder  below.  These  fans  are  movable,  and  when 
ight  together  form  a  circle  10  feet  in  diameter,  with  its  edge  to 
wind,  in  which  position  the  fans  are  not  affected  by  the  wind,  and 
iccordingly  out  of  gear;  but  when  thrown  aslant  the  wind  strikes 
r  oblique  faces,  and  they  revolve  with  a  fine  display  of  force, 
[lis  mill  is  not  so  sensitive  to  light  winds  as  shopmade  mills,  but 
Qomentum  is  greater.  It  drives  a  two-hole  comsheller  and  feed 
ider  and  a  grindstone. 

his  is  one  of  the  most  interesting  and  attractive  homemade  designs 
tie  State,  and  for  novelty  and  originality  it  was  awarded  a  prize  by 
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the  Xebraska  State  Journal  of  Lincoln.     It  shells  and  grinds  ooni 
a  total  outlay  of  til,  and  gives  entire  satisfaction.     The  ingenui 
which  characterizes  this  novel  invention  crops  out  everywhere  on  tbe 
Jasperson  farm,  in  the  locks,  gates,  fences,  and  implements,  and 
one  irrigated  field  there  is  a  remodeled  turbine,  described  on  page  ''i5. 
BO  well  made  as  to  be  indistinguishable  from  the  original  mil!. 

Regular  shopmade  mills  supplied  water  for  his  house  and  stock,  the 
homemade  mil!  being  used  wholly  for  driving  machinery.  ITntortu- 
nately  means  were  not  at  hand  ior  measuring  the  true  efficieDcy  o( 
this  two-fan  turbine,  but  for  practical  purposes  it  may  be  said  that  it 
drove  the  corusheller  and  feed  grinder  with  ease.  It  seemed  equiva- 
lent to  about  1  horsepower. 


1 

be    I 
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The  Holland  mills,  with  their  four  slatted  fans  covered  with  cloth 
sails,  are  so  familiar  in  art  that  descriptions  are  unnecessary.  How- 
ever, as  introduced  into  the  Great  Plains,  they  have  undergone  many 
changes  and  modifications,  and  the  resemblance  is  soinetimea  tost. 
As  viewed  in  pictures,  the  great  fans  are  mounted  on  massive  sup- 
ports. In  Nebraska,  however,  they  sometimes  stand  on  slender, 
spindling  towers.  They  are  frequently  mounted  upon  milk  houses, 
corncribs,  wagon  sheds,  and  bams.  Their  identity  is  further  obscured 
at  times  in  that  the  customary  four  fans  are  replaced  by  six  or  eight, 
and  the  familiar  duck  sails  by  wooden  ones. 

Some  of  the  strongest  and  best  mills  in  the  State  are  modifications 
of  these  old  Dutch  mills.  Though  the  picturesque  niouiitings  and 
settings  may  be  wanting,  their  efficiency  and  serviceability  are  not. 
The  smaller  Duteh  mills  stand  on.towers,  the  medium-sized  on  small 
outbuildings,  and  the  large  ones  on  bams.  In  size  they  range  from  the 
smallest,  10  to  12  feet  in  diameter,  through  medium-sized  mills,  ]5  to 
20  feet  in  diameter,  to  the  largest,  which  measure  36  feet. 

The  great  Holland  miU  of  Aiigust  Prinz,  1  mile  east  of  Chalco, 
Sarpy  County,  favorably  situated  as  it  is  for  observation  from  pass- 
ing trains  on  the  Burlington  Route,  has  become  a  familiar  landmark 
to  travelers  on  that  road  (see  Pi.  XVIII,  A). 

The  Prinz  mill  rises  high  above  the  surrounding  grove,  which, 
though  but  twelve  to  fourteen  yeare  old,  completely  shuts  in  the 
house  and  farm  buildings.  A  closer  view  shows  the  large  mill,  witli 
fans  describing  a  circle  S6  feet  in  diameter,  mounted  securely  upon 
the  large  shed  which  constitutes  corncribs  and  wagon  shed,  while  ai 
the  house  is  seen  an  8-foot  Gem  mill  which  pumps  water  from  a  40-fix)l 
well  to  the  honse  and  stock  trough.  As  a  precaution  against  accideni 
and  against  insufBcieut  wind  velocity,  the  owner  has  a  horsepower 
device  with  shafting  and  pulley,  which  can  instantly  be  attached  to 
the  house  pump. 

Ordinarily  tbe  small  windmill  is  able  to  supply  ample  water  for  the 
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oae,  for  80  gteers,  20  milch  cows,  10  horses,  125  hogs,  and  other  stock, 
cordingly  the  large  mill  has  so  far  been  employed  solely  for  the 
rpose  of  grinding  grain,  although  it  can  be  easily  geared  to  raise 
!;er  as  needed.  In  the  amount  of  grist  is  found  an  easy  measure  of 
efficiency  of  this  mill,  which  owes  much  of  its  merit  to  the  fact 
t  its  projector  had  built  mills  in  Holland  before  emigrating  to  this 
ntry  in  1871. 

P'ith  the  ordinary  wind  of  winter,  when  the  mill  is  particularly  in 
,  the  capacity  of  this  mill  is  200  or  even  300  bushels  of  ground 
in  a  day.  It  drives  an  8-horsepower  feed  grinder  with  greater 
ed  than  horses  could.  It  elevates  the  grain  and  grinds  and  dis- 
rges  the  grist  automatically,  demanding  no  immediate  supervision, 
le  the  men  are  engaged  about  the  customary  duties  of  the  farm, 
th  a  good  wind  it  is  unnecessary  to  use  more  than  two  sails,  which 
e  all  the  power  that  is  necessary  for  ordinary  work. 
Tiis  being  a  large  mill,  heavy  gear  wheels  and  driving  wheels,  cou- 
igs,  brakes,  etc.,  were  necessary,  and  these  were  procured  in  Omaha 
I  Chicago.  The  total  cost  of  the  mill  was  $150.  Wliile  this  may 
)ear  to  prospective  builders  a  considerable  sum,  it  is  not  prohib- 
e.  Against  this  sum  must  be  balanced  the  efficiency  of  an 
orsepower  plant,  the  fact  that  the  mill  requires  little  or  no  super- 
endence,  and  that  the  grain  is  ground  at  home,  requiring  no  ex- 
iditure  of  time  and  money  in  hauling  to  and  from  the  mill.  A 
idmill  so  well  built  is  capable  of  rendering  service  for  twelve  to 
een  years. 

lere,  as  elsewhere,  the  author  finds  that  those  farmers  who  have 
ingenuity  to  invent  and  build  mills  have  well-kept  farms,  the  best 
»8  and  fences,  improved  and  excellently  kept  buildings,  and  an 
of  unmistakable  prosperity.  In  twenty  years  the  proprietor  has 
lome  possessed  of  320  acres  of  fine  land  set  with  hedges,  groves, 
I  orchards;  of  herds  of  well-bred  stock  and  fowls;  of  substan- 
■,  convenient,  and  well-regulated  houses,  barns,  cribs,  tool  shells, 
I  poultry  houses,  and  of  all  necessary  farming  implements  and 
licles.  The  author  has  driven  for  many  miles  through  this  favored 
icultaral  region,  and  scarcely  less  can  be  said  of  any  farm  visited, 
jy  are  large,  well  kept,  improved,  and  free  from  mortgage.  This 
ut  the  beginning  of  the  great  windmill  area  of  the  State,  which 
3nds  thence  westward  for  500  miles  in  close  proximity  to  the  Platte 
ley. 

•n  the  farm  of  Henry  Bormann,  near  Portal,  in  Douglas  County, 
ut  3  miles  east  of  the  August  Prinz  place,  stands  an  important 
I  of  home  production,  which,  like  the  Prinz  mill,  its  progenitor,  is 
indmark  familiar  to  travelers  on  that  branch  of  the  Burlington 
I  Missouri  River  Railroad.  It  is  essentially  a  Dutch  mill,  but  with 
instead  of  the  customary  four  fans,  which  describe  a  circle  19^ 
t,  in  diameter.    Making  allowance  for  customary  overestimates,  its 
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true  efliciency  must  be  between  4  aiid  6  hor8epowt)r,uDil  will  riuihijilHir 
when  the  mill  is  full  rigged.  The  eurprUing  part  is  that  it  raaa  lie 
grinder  without  full-sized  caiivas  sails,  its  designer  and  builder  find- 
ing that  it  was  easier,  handier,  and  amply  efficient  to  use  wind  boanls 
instead.  These  wind  boards  are  simply  thin  ^inch  boards  about  ' 
feet  long  and  1  foot  wide,  set  at  an  angle  on  each  arm.  They  are 
quickly  set  in  place  and  secured  by  wooden  buttons.  In  a  strong 
wind  but  three  of  these  boards  are  usetl. 

The  capacity  of  this  mill  varies  according  to  the  wind,  from  "S  lo 
100  bushels  of  ground  feed  a  day.  By  parchasing  shafting,  botw, 
pulleys,  bevel  gear,  otc.,  at  an  abandoned  elevator,  and  by  making 
patterns  for  the  revolving  head  and  other  parts  and  having  then 
cast  in  Omaha,  the  cost  of  this  mill  amounted  in  all  to  only  Wj. 
Considering  that  it  is  well  bnilt,  that  it  shonkl  last  t«n  W  Iwelv* 
years,  that  it  grinds  all  the  grain  for  the  stock  and  Id  capable  ol 
pumping  and  driving  other  machinery',  there  is  again  a  decided  bal- 
ance in  favor  of  the  homema^le  mill. 

During  the  summer  months  when  the  cattle  are  at  pasture  tho  mill 
is  not  in  operation,  so  that  the  author  made  no  attempt  tot«tittlJ 
efficiencj',  believing  that  the  (i-horsepower  grinder  was  a  unfficienl 
measure  of  ito  strength.  This,  like  the  Prin/.  mill,  in  so  geared  us  to 
be  useful  in  driving  other  maohinerj'oc  in  pumping  water,  as  occasiuo 
demands. 

TOWSRLieW  TCaBINKB. 

It  ia  doubtful  if  there  is  a  liatter  general  example  of  the  towerles 
turbines  than  the  one  across  the  Platte,  some  iiO  miles  south  of  GotheU' 
berg.  This  simplified  mill  consists  merely  of  a  wheel  without  to'cr, 
axis,  crank,  oi-  other  working  parts.  The  axle  of  an  old  wagon,  wiili 
spindle,  thimble,  hub,  and  wheel  intact,  was  bolted  to  beams  on  the 
south  side  of  a  barn,  fans  were  nailed  at  a  slant  to  the  spokes,  nudA 
bolt  was  driven  in  one  edge  of  the  hub  with  an  eccentricity  of  3or^ 
inches,  to  which  the  pump  rod  was  attached.  The  mill  pumps  water, 
but  is  dependent,  of  course,  on  south  winds.  From  this  simple  fonii 
there  is  every  conceivable  gradation  to  the  best  t^hopmade  steel  mill. 
made  of  the  finest  material,  aud  wrought  with  such  nicety  and  preci- 
sion as  to  return  'M  per  cent  efficiency. 

STATIONARY  TURBINEB. 

The  next  higher  type  of  the  turbine  is  but  little  more  specioliied. 
It  has  a  tower,  usually  of  poles,  a  crank  and  pump  rod,  and  four  or 
more  blades  or  fans.  These  constitute  the  whole  of  a  mill  which  is 
considerably  more  efficient  than  the  extreme  simpliolty  of  its  working 
parts  might  imply.  These  are  commonly  built  without  expense,  for 
the  crank,  which  is  the  only  piece  demanding  outlay,  is  inexpensive 
if  bought  first  hand,  and  is  usually  supplied  from  old  machinery;  and 
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the  crank  arms  are  attached  to  which  the  wooden  blades  are  nailed, 
le  pnmp  rod  is  often  but  a  sapling.  The  axis  runs  on  wooden  bear- 
gs,  lubricated  occasionally  with  axle  grease.  The  tower  is  built  of 
i  lumber,  usually  of  poles.  Such  mills  are  numerous.  Occasion- 
ly  these  mills  run  on  excellent  bearings,  the  builder  having  detached 
rtain  framework  with  its  journals  and  crank  from  old  machinery, 
siting  them  bodily  to  the  tower,  attaching  arms  to  the  axis,  a  pump 
d  to  the  crank,  and  once  in  a  while  a  brake  to  regulate  the  speed 

the  fans. 
A  mill  of  this  kind  (see  PI.  XIX,'^)  used  by  Friedrich  Ernstmeyer, 

Grand  Island,  for  pumping  water  for  his  stock,  was  especially  well 
lilt,  and  cost  only  32  cents — for  a  16-foot  board  for  the  fans.  It 
as  made  of  the  oak  frame  and  sickle  driver  of  an  old  mower,  which 
as  bolted  bodily  upon  the  cottonwood  tower.  This  is  an  8-foot 
heel,  with  pine  board  fans  12  to  14  inches  wide  by  4  feet  long.  An 
Lgenious  brake  was  made  by  securely  wedging  an  old  cultivator  wheel 
>  the  axis,  and  a  set  of  springs  and  levers  were  so  arranged  as  to 
ress  a  shoe  of  leather  against  the  wheel,  thus  retarding  or  stopping 
lemill  as  desired. 

In  the  stock  field  of  Fred  Mathiesen  is  a  six-fan  set  turbine  (shown 
1  PI.  XIX,  B)j  which,  though  very  crude  and  rustic,  runs  nicely  in  its 
^opmade  bearings — the  frame  and  journals  of  an  old  self-binder — and 
>8t  only  a  few  cents,  for  welding  an  extension  to  the  axis  and  for 
ght  rods  with  which  to  brace  the  arms.  The  brake  is  nothing  more 
^n  a  fence  post,  which  can  slide  forward  between  the  fans  to  stop 
^em  and  back  again  to  put  the  mill  in  gear.  The  pump  rod  is  a 
>iall  sapling.  The  diameter  of  the  wheel  is  8  feet  and  the  stroke  6 
ches;  total  cost  two  or  three  dollars.  The  turbine  is  used  for 
atering  stock. 

From  these  elementary  forms,  which  are  too  numerous  to  allow 
tailed  description,  we  pass  to  the  set  turbine,  with  many  fans.  A 
pical  example,  selected  from  many,  is  the  mill  built  by  Janak 
OS.,  of  Sarpy  Mills,  Nebraska. 

f'irst  attempts  at  designing  and  building  mills  often  give  results 
Uch  warrant  larger  undertakings,  and  one  may  see  the  first,  the 
2ond,  and  the  third  mill  by  the  same  designer,  each  an  improvement 

the  one  before.  It  is  interesting  to  note  this  advance,  which  is 
^rked  by  improved  and  enlarged  designs  and  by  superior  material 
d  make.  An  excellent  example  of  this  is  furnished  by  the  Janak 
'OS.,  the  elder  of  whom  arrived  from  Bohemia  three  years  ago  (in 
96).  Seeing  that  it  was  important  for  a  neighbor  to  supply,  in  a  given 
bsture,  water  for  about  thirty  head  of  cattle,  he  immediately  built  a 
rbine  mill  so  simplified  that  it  consisted  merely  of  a  10-foot  wheel 
ade  of  weatherboarding,  braced  and  wired  together,  mounted  on  an 
^is  with  a  3-inch  crank,  which  ran  in  journals  of  wood,  bolted  to  the 
p  piece  of  the  tower  (see  fig.  16).    There  was  no  need  for  a  revolv- 
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ing  head  or  vane,  for  lliis  was  a  st^ationary  turbine,  with  fat 
the  south,  and  with  its  tower  well  guyed  in  three  directions  hj 
wire.  This  mill  cost  altogether  between  $3  and  #4,  and  at  tl 
is  sure  to  give  three  or  four  years  of  satisfactory  service,  in  . 
to  three  years'  service  already  rendered. 

On  the  farm  where  jwles  may  be  cut  for  the  tower  and  old 
is  at  hand,  the  t^xpense  of  a  lU-foot  stationary  turbine  mill 
above  may  easily  fail  within  $2.50  or  $3.  These  are  commt 
the  attention  of  those  needing  cheap  mills,  especially  to  th 
have  material  on  hand.  Here  t 
and  driving  wheels  of  discard 
ers  may  be  put  to  advantageo 
This  crnde  wooden  mill  wi 
an  attempt  by  the  Janak  Bn 
something  larger,  better  bu 
more  complex  in  its  parts.  Tl 
is  a  steel  mill  14  feet  in  diame^ 
galvanized -iron  fans,  mounte 
revolving  head  upon  a  35-foot 
tower  by  the  side  of  tbe  bla 
shop  of  the  Janak  Bros.  Tl 
built  wheel  was  spinning 
a  sound  or  vibration,  and  wi 
shop  the  emery  wheel,  grii 
drill,  bellows,  lathe,  and  other 
ery,  together  with  the  pum 
drivi'ii  iiH  steadily  as  thoug 
was  the  motive  power. 

Their  prestige  as  hlaekami 
won  largely  by  the  windniil 
]iot  only  drove  their  maehin 
evidenced  iheir  abihty.  Tli 
well  jis  it  worked,  was  yet  inci 
a  fortunate  circumstance,  as 
trates  the  fact  that  in  a  grea 
machinery  refinements  and 
ries  are  not  essentials.  The  mi 
arudderorvaue,  which  necessitated  climbing  the  tower  and  pi 
wheel  face  to  the  wind  with  a  lever.  This,  however,  in  a  regie 
the  prevailing  wind  is  so  constantly  from  the  south,  occasit 
little  inconvenience.  At  the  same  time  this  shows  the  pro 
builder  that  he  can  simplify  the  working  parts  of  his  mill  am 
its  cost  without  materially  affecting  its  efficiency.  Later  on, 
and  means  allow,  vane,  automatic  regulators,  and  other  parts 
added  at  will.  In  the  meantime  the  owner  has  the  use  of  an 
mill  in  which  but  little  cash  or  time  is  invested,  and  thoi 
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anient  it  seeihs  far  viBer  to  have  a  mill  like  tliis  than  to  be  driTen 
the  undertaking  by  its  complexity. 

TAKBLB8S   ADTOHATIO    TUSBIMXS. 

9  vanelesa  antomatio  liomemade  windmill  of  W.  F.  Baldwin,  of 
Torth,  Nebraska,  when  visited  September  12,  1898,  proved  to  be 


-Bkatchof  homemadoBtMltarblnoafW.  F.  B)ddiriD.Aiiuwortli,  Nebnubk  ^,  Begn- 
:  tmu  and  lerer:  B.  Weight  holding  the  mill  In  gor;  A  Platform  reTolTlng  aboat  ga>- 
ola  E;  F,  Windmill  head  with  gw-plpa  ara^ 

t  nnasoal  interest  (see  flg.  17).  A  principle  seems  to  appear  in 
aill  not  thus  far  seen  in  other  mills. 

Baldwin,  who  had  formerly  been  engaged  in  several  windmill 
anies,  and  had  thns  acquired  ezperienoe,  considered  it  a  piece  of 
r  eonstmction  that  shopmade  mills  must  be  subjected  to  the 
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fury  of  the  wind  before  they  bef^in  to  throw  IheniselveH  out  of  wtion. 
This  is  a  heavj'  and  apparently  an  unnecasaarj-  strain,  and  to  obviate  it 
Mr.  Baldwin  so  arranged  his  mill  that  the  regulator  receives  the  force 
of  the  wind  befor*;  the  fans.  The  regulating  rudder  (see  fig.  17.  A) 
is  counterbalanced  by  a  paint  keg  Slled  with  aand;  ifae  rudder,  thus 
becoming  sensitive,  reacts  and  responde  to  every  varring  breeze,  wn- 
Btantly  throwing  the  fans  in  and  out  of  the  wind.  When  the  kej 
is  removed  the  lever,  falling  of  ite  own  weight,  pushes  against  a  rod 
passing  through  the  hollow  axis,  and  thus  sets  each  f«»  in  llie 
wheel  edgewise,  cat>chiDg  no  wind.  When  the  weight  is  applied mli  ' 
fan  is  thereby  set  to  catch  the  wind  to  the  best  advantage.  Betwwu 
these  two  i>oints  there  is  every  gradation,  the  blades  conatanllj 
turning  and  adjusting  and  nccutu- 
modating  themselves  to  even' 
breeze.  Nine  milts  of  this  kind 
have  been  built  and  eet  op  uu 
farms  around  Ainsworth.  and  llicir 
owners  are  enthusiiwtic  in  Iheir 
praise. 

The  galvanized  iron  blades  are 
reinforced  with  heavy  wire  on  tlie  ■ 
edges,  the  back  edges  being  hinpi4 
to  a  &ced  metal  circle,  and  the 
front  edges  to  a  slightly  moTslila 
rotating  one,  which  turns  the  fam 
according  as  the  adjusting  rod 
moves  forward  or  back. 

The  working'  i>iirtw,  liiinsistingot 
a  2-inch  gas-pipe  axis  Ui  «liifli 
the  fans  are  attached,  carrving 
sprocket  wheels  geared  in  the  ratio 
of  three  revolutions  to  one  stroke,  were  supported  on  a  small  plat- 
form, braced  by  rods,  which  revolved  about  a  3-inch  gas  pipe  fixed  in 
the  tower.  The  tower  consiNted  of  staight  Cottonwood  poles,  bolie^ 
to  anchor  iwsts  in  the  usual  way.  The  axis  runs  on  friction  rollers, 
like  the  ordinary  grindstone.  By  using  pieces  from  old  machicery 
the  cost  of  this  trial  mill  was  but  15.  It  has  been  in  service  pump- 
ing water  for  the  house  and  stock  for  three  years. 


The  giant  turbine  of  .1.  M.  Warner,  4^^  miles  southeast  of  Overton, 
Nebraska,  is  one  of  a  size  rendered  possible  by  the  raetho<l  ol 
mounting  it  inside  the  tower  rather  than  upon  it  (PI.  XX,  A).  This 
arrangement  so  far  extends  the  base  of  supi»ort  that  the  tower  cai 
probably  never  be  overturned,  except  by  winds  that  would  movi 
buildings.     In  addition  it  is  securely  guyed  in  four  directions  bi 
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jT  twisted  wire,  anchored  at  a  distance.  This  giant  tarbine, 
1  has  no  rival  in  size  or  strength,  is  an  efficient  innovation.  It 
lis  the  machinery  of  a  l-horsepower  feed  grinder.  However, 
ork  is  done  with  less  dispatch  than  by  four  horses,  and  Mr. 


er  is  disposed  to  attribute  to  the  mill  an  efficiency  of  3  horse- 
'  and  possibly  a  fraction  more. 

Edition  to  grinding,  this  mill  runs  the  grindstone  and  other 
jieiy  by  means  of  a  system  of  overhead  shafting  with  pulleys 
elts.     It  can  also  be  connected  to  a  walking  beam,  which  drives 
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two  pumps  with  a  12-incli  stroke,  oue  baving  a  5-inch  cylinder,  th« 
other  a  -i-inch  cylinder.  These  are  too  small  for  the  mill,  as  Mr.  ] 
Warner  finds,  and  6-inch  cylinders  shonld  be  aubatituted.  The  lift 
is  but  7  to  8  feet,  and  the  endless  chain  and  bncketa  might  repliwie 
the  pumps  with  marked  advantage.  No  reservoir  has  yet  been  built, 
but  with  one  Mr.  Warner  estimates  he  could  irrigate  20  acres  saffl- 
oiently  for  that  region.     As  it  is,  he  has  successfully  irrigated  8  tc  1^ 


acres  of  alfalfa  and  6  to  8  acres  of  com.  The  mill  is  large,  and  ' 
cost,  abont  $60,  is  not  disproportionate  to  the  work  performed. 
large  rudder,  held  in  place  by  a  weighted  nail  keg,  guides  this  gi«' 
wh«el,  which  runs  on  a  2-inch  iron  axis,  supported  by  a  vertical  r<*< 
tangular  frame.  This  principle  is  apparently  new  and  worthy  o 
development. 

Plate  XX,  B,  illustrates  a  four-fan  geared  turbine  designed  itod 
built  by  Henry  Boersen,  near  Grand  Island,  Nebraska.     The  head  of 
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I  old  wooden  pamp  constitntes  the  revolvlDg  parts,  while  the  fly-. 
beel  and  sprocket  wheels  of  an  old  oomsheller  were  used  for  the 
irin^  parts.  But  few  bolts  or  screws  were  used,  the  parts  being 
Tj  ingeniously  wired  tc^ether.  Examination  of  fig.  19  will  malce 
3  working  parts  and  plan  of  mdder  apparent.     The  wheel  is  8 


^Slda  view  and  d< 


'»  diameter;  cost  of  mill,  12;  cost  of  mill,  pumps,  and  troagh, 
The  pulleys  over  which  the  gear  ropes  pass  are  made  of 
s.  This  torhine  raises  water  from  a  shallow  valley  well  7  or  8 
^d  supplies  60  head  of  cattle.  The  timber  shown  in  the  baok- 
i<]  is  26  years  old. 
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The  homemade  windmill  of  Lewis  Pardee,  Newport,  Nebrasi 
shown  iu  fig.  iO,  oonsists  of  the  IhimbJA  of  an  old  wagon — on  whi 
the  mill  turns — Ut  which  are  boltod  for  Ihe  driving  parts  oaksuppot 
detached  from  an  old  reaper.  The  mill  pumps  about  500  gatlonsi 
hour,  or  13,000  gallons  in  24  honre,  and  cost  >G. 

Some  homemade  mills  arc  suoh  close  imitAtion.i  of  the  shopmad 
that  the  casual  observer  fails  to  eiee  the  differeuces  which  are  appami 
on  closer  inspection. 

The  mill  of  W.  F.  McComb,  of  Grand  Island,  shown  in  fig.  21,isii 
example.  In  appearance  it  is  ashopmade  mill;  in  fact  every  purtii 
of  it  is  homemade.  The  fans  are  of  metal,  the  rudder  of  light  wom 
hinged,  and  adjustable  from  the  ground  to  throw  it  in  and  out  of  j,'ei 
like  ordinary  mills.  The  mill  acts  directly  on  tlie  piston,  giving 
10-ineh  stroke.  The  head  and  axis  are  supported  on  a  vertical  woodt 
box,  which,  guided  by  friction  I'oUers  set  in  the  platform  of  theljiwe 
revolves  upon  a  conical  casting  at  its  base.  It  is  a  10-foot  whei 
pnmps  water  by  a  3-inch  cylinder  into  the  tank,  a  lift  of  44  feet,  ri 
irrigates  the  garden  and  lawn.  It  cost  possibly  $20,  and  ha«  n 
since  the  spring  of  1897. 

RECONSTRUCTION   OF  WINDMILLS. 

In  the  provisional  classification  uf  homemade  windmills,  the  reon 
structed  mill  is  placed  next  in  importance  to  the  shopmade  mill. 

Therearegreat  possibilities  here,  which  have  been  and  luaybelalt' 
advantage  of  many  times.  In  every  commnnity  are  neglected 
fallen  mills  and  towers  which  might  be  reconstructed  at  a  mere 
nominal  cost,  either  by  the  owner  or  by  the  purchaser  of  such  ic: 
property.  The  essential  parts  are  often  intact,  and  it  is  a  simt 
matter  to  substitute  homemade  fans  and  rudders  for  those  missin 
Many  mills  are  standing  in  disuse  year  after  year,  while  rough  Iwar 
nailed  to  their  bare  arms  would  start  them  going. 

Many  take  advantage  of  this  opportunity,  and  that  othei-s  niiiy 
reminded  of  the  possibility  a  few  reconstructed  mills  will  be  liiriir 
and  described,  in  the  belief  that  this  small  number  will  sufficieiii 
represent  all. 

Reconstructed  mills  are  to  be  found  in  every  county  in  the  .StH 
but  nowhere  are  there  i»etter  examples  than  at  Ugallala,  in  wcsle 
Nebraska.  Within  the  town  at  least  five  recimstructed  mills  are 
use,  pumping  water  mostly  from  shallow  wells. 

At  the  livery  and  feed  stable  an  old  mill  which  has  lost  all  its  U 
and  its  rudder  has  been  so  rejuvenated  hy  simply  nailing  C-ir. 
boards  to  the  bare  arms  that  the  mill  i.s  pumping  water  fur 
horses.     This  entailed  no  expense  and  but  little  time  and  lalwr. 

Near  by  stands  a  reconstructed  mill  still  doingduty  in  pumping 
the  house  and  lawn,  though  furnished  with  six  rough  blades.  1 
mill  which  formerly  occupied  its  place  upon  the  substantial  tower  b 
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Men  racked  by  gales  and  storms,  and  had  been  allowed  to  lose  its 
woodwork  and  so  fall  naturally  into  disuse.  However,  the  essential 
larts  remained  as  a  base,  to  which  homemade  parts  could  readily 
)e attached  without  cost.     (See  PI  XXI,  A.) 

Within  a  few  blocks  is  to  be  seen  the  most  interesting  one  in  the 
)lace.  It  stands  on  a  slender  steel  tower,  like  a  veritable  toy  mill, 
)ut  it  pumps  water  for  the  house,  for  four  horses,  and  for  the  irriga- 
ion  of  the  lawn  and  garden. 

The  success  of  this  toy  turbine  is  due  in  a  measure  to  the  fact  that  it 
sa  reconstructed  aermotor.  Two  sets  of  galvanized  fans  and  rudders 
ad  been  demolished,  and  the  last  time  the  iron  fans  were  replaced  by 
lijn  boards  5  inches  wide  and  2  feet  long  wired  firmly  to  the  six  iron 
rms.     The  rudder  was  left  off;  accordingly,  instead  of  standing  face 

>  the  wind,  it  swings  around  automatically  (because  slightly  eccentric) 
id  stands  back  to  the  wind.  Thus  the  motion  is  reversed,  and  the 
ins  run  backward,  but  with  no  apparent  disadvantage. 

On  measuring  the  wind  velocity  with  an  anemometer,  and  measuring 
le  water  pumped,  the  following  results  were  obtained:  In  a  15.5-mile 
Ind  this  toy  mill  lifted  from  a  shallow  well  (12  feet  deep)  a  trifle 
ore  than  270  measured  gallons  in  an  hour,  or  at  the  rate  of  6,500 
kUons  in  twenty-four  hours,  its  efficiency  being  one-eighth  horse- 
>wer. 

I^ear  Kearney  is  a  reconstructed  mill  whose  arms  have  been  slightly 
Dgthened,  and  to  their  extremities  were  nailed  light  fans  made  by 
>y8  of  the  farm  from  the  thin  sides  of  boxes.  Although  this  gave  a 
»xigh  and  unnatural  looking  exterior,  the  small  irrigating  reservoir 
ood  full  of  water.  The  admirably  constructed  mill  of  Elmer  Jasper- 
m  near  Ashland,  Nebraska  (shown  in  PL  XXI,  B),  seems  to  differ  in 

>  respect  from  the  best  shopmade  type,  although  it  had  been  a  total 
ireck.  It  was  purchased  for  13  as  it  lay  on  the  ground  twisted  and 
t^)ken,  and  hauled  to  the  Jasperson  place.  At  an  additional  outlay 
^  t7  the  bent  parts  were  straightened,  the  tower  rebuilt,  and  the  mill 
^instated  as  good  as  new,  so  £ar  as  outward  appearance  and  action 
^  concerned. 

SHOPMADE  TURBINES. 

The  highest  type  is  the  shopmade  mill,  which  is  so  closely  allied 

>  every  well-regulated  Western  home.  These  mills  are  inseparable 
^tures  of  every  landscape,  of  every  farm,  village,  and  town.  One 
^ay  count  as  many  as  twenty-five  or  thirty  mills  in  view  at  one  time 
■om  the  car  window  in  passing,  and  thirty  or  forty  in  any  town, 
hese  mills  have  given  to  the  country  home  many  of  the  comforts  of 
^e  city.  They  enable  small  towns  to  have  water  systems  with  stand- 
pes,  water  mains,  and  hydrants,  a  satisfactory  domestic  water  serv- 
d,  and  a  supply  with  ample  pressure  for  fire  protection  at  a  cost 
Uch  below  that  for  similar  water  service  in  a  city. 

The  windmill  and  tank  are  the  conspicuous  and  characteristic  land- 
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marks  of  ©very  siding  auil  station  in  the  prairie.  (See  PL  XXII,  ^j 
Asylums,  Loinea  for  soldiers,  orphans,  blind,  and  feeble  minded,  auj 
other  publico  institutions  in  rural  districts  isolated  from  eitj  couven- 
ieimes  depend  on  the  windmill.  Thi?  town  pump  lias  given  way  in 
the  town  windmill  and  tAuk,  which  easily  furnish  wat«r  for  the  pub- 
lic watering  trough  and  the  public  hydrant. 

la  villages  too  small  to  assnme  the  ex|>ea!te  of  standpipe,  nst^r 
niainH,  and  hydrants,  pi-easure  for  fire  protection  is  often  obtaini'il  by 
carrj-iug  the  tower  of  the  public  tank  as  high  as  need  be,  and  mourn- 
ing upon  it  a  second  tank  for  use  in  ease  of  Are.  fSee  PI.  XXII,  B.) 
Precaution  is  generally  taken  to  angment  the  mill  >vith  a  good  sit&m. 
gasoline,  or  petroleum  engine  for  use  in  emei^ncy,  or  in  case  of  a 
eontinned  calm.  This  makes  an  excellent  and  cheap  system.  The 
mill  is  the  main  dependence,  the  engine  being  pressed  into  service  bnt 
occasionally. 

In  many  towns  and  cities  the  turbine  is  used  to  pump  water  for  fish 
ponds  and  ice  ponds.  In  the  smaller  towns  the  irrigating  pond  of 
snmmer  is  turned  to  good  account  in  winter,  in  furnishing  nn  ice 
harvest.  In  Lincoln,  the  Moulton  Ice  Company  harvests  its  ice  from 
three  artificial  ponds  supplied  with  water  by  two  turbine  mills- 
These  same  iwnds  are  stocked  with  several  thousand  fish.  (S«e  P^ 
XXIII.) 

Under  the  refining  influence  of  the  windmill,  the  pioneer  sclioC^ 
house,  first  of  sod,  then  of  lumber,  Iwgins  to  lose  some  of  its  utt— ■ 
barrenness,  and  sod,  trees,  and  shrubs  begin  to  grow. 

ORIGINAL  USES  FOR  SHOPMADE  WINDMILLS. 

The  shopma<le  mill  is  often  harnessed  to  homemade  water  lifters  r^ 
unique  and  original  design.  These  are  as  interesting  as  the  homeium^ 
mills  themselves,  and  are  worthy  of  a  speeial  report,  which  the  aiillio^ 
has  in  preparation. 

One  or  two  examples  will  illustrate  this  group  snfHciently  for  lli- 
preaent. 

At.  Milford,  on  the  banks  of  Blue  River,  may  bo  seen  a  large  rail 
and  tower  (see  PI,  XXIV),  now  in  disuse,  geared  to  run  an  eudlesss 
chain  of  34  buckets,  each  holding  4  gallons.  This  method  of  raisiu^ 
water  is  one  of  the  oldest  as  well  as  one  of  the  best.  However,  iu  thi=; 
instance,  the  mill  is  so  completely  overtaxed  as  to  be  lendei-ed  nseit-ss 
.Smaller buckets  an<l  lighter  machinery  would  doubtless  give  satisfai' 
tory  results.  The  possibilities  of  this  kind  of  irrigation  are  great 
!Hi(i  every  rivei'  bank  .shows  some  kind  of  au  attempt  to  pour  t!i*" 
water  iipun  tlie  lanii.  Some  of  these  water  liftei-s  are  driven  by  lli  ' 
current,  some  by  windmills,  and  Kome  by  horse  power  or  steam  iMwei.' 

At  Noilh  Platte  the  natural  order  of  things  seems  somewhat  reverM'^  * 
through  the  use  of  a  tympanum  wheel,  run  by  a  large  aernioto»' 
instead  nf  by  the  current.    (See  fig.  lii.)    The  tympanum  is  primaiHj 
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iirent  wheel,  bat  in  tiiis  case,  there  being  no  cnirent,  its  place  was 
plied  by  a  12-foot  aermotor,  which  caused  the  tympanum  wheel 
revolve  once  a  minute  in  a  good  wind  and  to  discharge  at  each 
olntion  8  barrels  of  water  through  the  hollow  axis,  lifting  it  7  feet 
1  irrigating  60  acres.     This  tjonpanum  is  beautifully  built  and 


Irately  constructed,  but  it  is  not  at  all  unlikely  that  buckets  or 
Q  pumps  would  give  equal  results  at  less  expense.     The  coat  was 


X 


OTHER  FORMS  OF  AVATBR  LIFTERS. 


Jiticipating  a  future  chapter  on  the  water  lifters  of  Nebraska,  the 
bor,  knowing  the  demand  for  hints  on  all  such  matters,  can  not 
■ain  at  this  point  from  mentioning  some  other  water  lifters,  though 
tign  to  the  immediate  subject.  The  principal  water  lifters  other 
athe  windlass,  hand  pump,  windmill,  horse-power,  gasoline,  petro- 
u,  and  steam  engines  are  the  endless  chain  and  buckets,  current 
mIs  of  all  sizes  and  makes,  Archimedes  screws,  jacketed  screws 
ning  at  high  speed,  etc. 
he  endless  chain  and  bucket,  of  which  there  are  many  nu^es,  is  an 
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seems  better  economy  for  the  busy  and  well-to-do  farmer  to  purchase 
these  quadrants  outright  from  liis  nearest  windmill  house,  but  for 
thoHe  who  can  better  alFord  to  spend  energy  and  time  than  money  the 
wooden  angle  block  (see  fig.  23)  will  prove  an  acceptable  substitute 
for  a  better  artide. 

If  some  of  the  surplus  energj'  of  the  wind  during  certain  seasons 
or  during  the  more  windy  hours  of  the  day  could  be  conserved,  it 
would  apparently  equalize  matters  to  that  extent.  The  best  means 
to  that  end  at  present  is  literally  to  bottle  it.  That  is,  the  windmill 
moot  compress  the  air  into  stout  iron  fylindera,  or  bottles,  t^j  be  dmnii 


off  and  used  in  any  way  desired.  A  small  sttvani  of  compressed  air 
admitted  at  the  bottom  of  a  tubular  well  often  causes  the  water  to 
flow  a.s  if  it  were  an  artesian  well. 

In  many  of  our  artesian  regions  there  are  countless  spots  in  which 
water  rises  under  pressure — and  in  that  sense  is  artesian — but  still 
does  not  (low  over  the  .surface.  Such  wells,  treated  to  a  small  stream 
of  compressed  air,  would  flow  vigorously  like  small  "spoutei-s."  So 
far  as  can  be  learned  nothing  of  (his  sort  has  yet  been  attempted  in 
Nebraska,  although  it  is  contemplated.     Tlie  park  boanl  of  Omaha 
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lias  long  considered  this  as  a  meana  of  converting  certain  negative 
artoeian  wells  into  positive  ones  for  the  improvement  of  the  park 
system  of  the  city.  In  the  Great  Plains,  where  there  is  so  much 
energy  stored  in  the  winds,  a  great  natnral  resource  seems  to  be  going 
to  waste  for  lack  of  development.  It  may  be  conserved  by  asing  the 
windmill  to  charge  storage  batteries. 


PRECIPITATIOK  IK  XEJBUASKA. 

The  climate  of  Nebraska  is  characterized  by  a  low  percentage  of 
cloudiness,  by  a  correspondingly  lai^  amount  of  sunshine,  and  by  a 
dry  and  healthful  atmosphere,  whose  chill  in  winter  is  less  severe 
ud  whose  heat  in  summer  is  less  oppressive  because  of  the  low 
Inmidity. 

Situated  far  inland,  there  are  no  great  bodies  of  water  to  furnish 
evaporation.  Little  moisture  finds  its  way  from  the  Pacific  slope, 
because  of  the  Rocky  Mountains.  The  rain-bearing  winds  come  from 
the  southeast,  and  the  ultimate  source  of  precipitation  in  Nebraska 
is  the  Gulf  of  Mexico.  Although  rainfall  is  rather  limited,  there  is 
compensation  in  the  fact  that  it  comes  at  the  season  when  crops  are 
growing,  and  also  in  the  fact  that  so  great  a  proportion  is  absorbed  and 
retained  in  the  soil. 

Professors  Swezey  and  Loveland,  in  Bulletin  45  of  the  Agrionlturai 
Experiment  Station  of  Nebraska,  have  shown  that — 

m  the  23.a')  inches  of  tumnal  raiufall  in  Nebraska  16.08  inches,  or  69  per  cent  cd 
he  entire  amoruit.  falls  daring  the  five  months  of  the  growing  seaaon,  April  to 
Logust,  inclusive.  In  order  to  show  how  we  compare  in  this  respect  with  other 
'tatee  the  following  table  is  introduced.  It  shows  what  per  cent  of  the  total 
'early  rftiofall  occnrs  in  these  aami)  five  months  in  other  localities. 
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Rainfall  during  the  growing  seanon  in  various  localities. 


at,  LoniB,  Mo 

CheyennB,  Wyo 

Dodge  City,  Kmib 

North  Platte,  Nebr,_. 

Omaha,  Nebr 

Hnron,  S,  Dak_. 

at.  Panl,  Minn 

Dalnth,  Mian 

Da  von  port,  Iowa 

Keolmk,  lovra 

Nebraska  iii  general. . 


It  thus  appean  that  tho  States  of  Nebraska,  Eansaa,  Dakota,  and  W; 
witli  their  none  too  plenteoiiB  anpply  of  rainfall,  have,  on  the  other  he 
advantage  over  the  States  lying  farther  to  tho  east  that  a  large  percentage 
rainfall  occnrs  in  the  growing  Benson,  when  it  is  most  useful,  and  tUat  a 
eastward  the  percentage  gradually  falls  off,  particnlarly  toward  the  sontlu 
in  other  worda,  in  the  direction  toward  which  the  actual  amount  of 
increases  most  decidedly;  so  that  if  we  compare  the  rainfall  of  the  growing 
alone  in  the  different  localities,  Nebraska  does  not  appear  in  so  anfavo 
light  aa  her  small  yearly  rainfall  would  indicate. 

Table  sho'i-iiir)  fV  annmil ],r,',-ii>iliitiuii  in  X.bmxka  ai„\  nt)nr  Slat,: 


Indiana,  to  ISOJ 

Illinois 

Kansas .  - - . .  

Kentucky 

Michigan,  to  lfl96 --. 

Miasoari,  to  January,  1S9-") . . . 

Nebraska 

Six  New  England  States,  to  18 

New  York - . . 

North  Dakota. 

Ohio,  fifteen  years  to  189G  _... 

South  Dakota,  to  1S96 

Wisconsin  _ 

Wyoming,  five  years  to  181)6. . 
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SUBFACE  WATER  AVAII^ABIjE  FOB  IBBIGATIOK. 

The  first  writer  of  prominence  in  Nebraska  who  advocated  irriga- 
tion  was  Mr.  Lewis  E.  Hicks,  at  that  time  professor  in  the  University 
of  Nebraska.  His  paper  aroused  such  vehement  opposition  from  the 
country  press  of  the  State  at  large  that  his  position  in  the  university 
was  threatened.  His  opponents  even  went  so  far  as  to  threaten  the 
university  itself.  Hon.  William  R.  Akers,  seciretary  of  the  State 
board  of  irrigation,  was  among  the  first  to  put  the  question  to  a  prac- 
tical test,  although  in  the  face  of  open  and  avowed  opposition,  by 
bailding  an  irrigation  plant  in  the  fall  of  1887.  Since  that  time  the 
growth  of  irrigation  in  Nebraska  has  scarcely  been  surpassed  else- 
where ;  many  miles  of  ditches  have  been  built  and  many  acres  of  other- 
wise sterile  land  brought  under  cultivation.  There  are  at  present 
in  the  office  of  the  State  board  of  irrigation  1,000  claims  and  appli- 
cations, covering  a  total  acreage  of  more  than  4,375,321  acres  for 
which  water  is  claimed,  the  increase  in  land  values  amounting  to  ten 
to  twelve  million  dollars. 

Irrigation,  wherever  it  is  practicable,  settles  the  matter  of  subsist- 
ence, for  it  supplies  the  one  and  only  lacking  soil  constituent.  But 
expectations  must  be  kept  within  the  bounds  of  reason,  for  there  is  a 
natural  limit  to  this  important  element  of  our  soil  fertility,  because 
the  total  supply  of  available  surface  water  is  sufficient  to  cover  but 
5,723  square  miles,  according  to  careful  computation  made  by  Prof. 
0.  V.  P.  Stout — an  area  about  equal  to  the  combined  areas  of  Scotts 
Bluff,  Banner,  Kimball,  and  Cheyenne  counties.  Though  large,  the 
relative  insignificance  of  this  tract  as  compared  with  the  77,000  square 
miles  of  the  State  is  apparent.  This  area  may  be  increased  some- 
what by  pumping  water  from  underground  sources,  which  promises 
most  encouraging  results. 

The  development  of  windmills  and  other  water  lifters  of  all  sorts 
for  purposes  of  irrigation  has  been  also  almost  as  phenomenal  as  that 
of  the  growth  of  ditches  themselves  during  the  last  four  years,  and, 
because  of  their  wider  applicability,  bids  fair  to  be  of  even  greater 
usefulness. 

SUPPIiY  FOR  TOWNS  AND  CITIES. 

Surface  water,  which  is  an  important  source  of  city  supply  in  many 
of  the  Eastern  States  where  rivers  are  perennial  and  lakes  abound,  is 
of  little  consequence  for  city  and  village  use  in  Nebraska,  for  the 
obvious  reason  that  few  lakes  (except  ponds)  exist  and  perennial 
rivers  and  streams  are  few.  Accordingly  but  little  surface  water  is 
furnished  for  cities  and  towns,  and  thus  the  use  of  water  which  must 
suffer  steady  and  progressive  deterioration  and  contamination  is 
avoided. 

The  cities  and  towns  along  the  lower  reaches  of  streams  are  not 
condemned  to  the  fate  of  using  the  sewage  and  filth  contributed  by 
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Kttlemeitts  above,  nor  of  obtaining  water  from  the  same  lake  which 
receives  their  offal.  Instead,  the  supply  is  gronnd  water  of  almost 
inexhaustible  quantity  aud  superior  quality,  fouud  in  deep,  gravelly 
joils,  where  extensive  sheets  of  clay  preclude  the  possibility  of  poltu- 
niou  by  Hurfaee  matter.  It  is  safe  to  utAte  that  this  is  and  must  con- 
tinue to  be  the  source  of  supply  alike  for  city  and  countrj'  homes. 

Cisterns  are  often  liuilt  to  catch  soft  water  for  the  bath  and  lauiidrT, 
t)nt  the  use  of  such  water  for  drinking  is  very  limited.  Although 
blie  ordinary  well  water  of  must  of  tlio  Statu  is  hard,  it  is  not  injuri- 
Jtia.  The  hardness  is  due  to  lime  in  solution,  Neither  is  the  yellow 
ind  turbid  water,  which  has  given  the  Missouri  the  fitting  appellation 
"  The  Great  Muddy,"  necessarily  injurious.  The  color  is  due  to  uUy 
in  mechanical  suspension  in  the  water,  and  its  presence  affects  it» 
ippearanoo  rather  than  its  healthfulness.  Such  inorgajiic  particlei^ 
laa.  bo  taken  into  the  system  without  fear. 


Fid.  r.,— Plan  of  wutmworka  at  Kearuey,  Ni 


The  nsitunil  iitid  simplest  ]iiethod  is  to  draw  city  water  suppnc< 
from  streaiiifi,  as  is  done  in  the  case  of  Omalia,  Avliere  (he  w;itfr  is 
taken  fi-om  the  HUssouri  far  above  the  city  and  fdl(>w<'d  lo  stand  iu 
settling  basins,  whence  it  is  pumjied  into  the  city  nmins.  Xotwith- 
standing  pi-ejudice  aK''i'"'t  "'^  milky  color  of  this  water,  there  is  do 
reason  for  condemning  it,  for  the  upper  [■caches  of  this  rivi-r  are  still 
so  sparsely  settled  tliattliepi-esent  pollution  is  unimportant.  Interior 
towns  far  from  any  stream,  working  on  the  plan  that  if  one  well  inn 
supply  the  individual  many  such  can  .supply  a  community,  di^  and 
connect  gangs  of  wells.  On  this  plan  excellent  water  is  furnished  to 
the  citizens  of  Lincoln,  Hastings,  Kearney,  Jiiid  stiialler  towns. 

Kearney  is  in  the  I'latt*  Valley,  2-2  feet  above  Lh.-  level  of  liic  rivt-,'. 
where  an  ine.vhaustible  underflow  can  bo  had  even  in  shallow  wilU. 
From  one  lai^e  30-foot  wtdl,  .3;;  feet  deep,  aud  twenty-four  tubular 
well.s  a  supply  of  water  is<d)tained  whieh  can  not  be  lowered  and 
whose  quality  has  given  entire  satisfaction.  (See  PI.  XXVI  anil  li;;. 
26.)  This  is  a  soureeof  pure  water  that  I'an  be  depended  on  foryeart* 
to  come. 
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that  an  equal  amount  of  water  supplied  by  the  water  company  at 
the  lowfst  possible  wholesale  water  rate  would  0€tst  the  city  SS.OOO 
annually. 

A  rather  novel  if  not  unique  metliod  of  irrigating  by  means  of  iialt 
water  is  in  vogue  with  market  gardeners  along  Salt  Creek.  Tlw 
water  of  this  creek  being  too  saline  for  direct  application  to  the  land, 
ii  is  used  to  turn  paddle  wheels,  which  at  sight  might  he  mistakeo  for 
eurrent  wheels.  Here  is  an  example  of  the  utilization  of  salt  waterin 
running  undershot  wheels  and  pumping  fresh  water  for  irrigatiou. 

I  KLOWISO   WELLS. 

"  One  ratlier  phenomenal  class  of  wells  found  throughout  a  large  po^ 
tion  of  Ihe  Stat«,  especially  south  of  Platte  River,  dcsen-es  panicdn 
notice,  and  is  worthy  of  the  critical  and  long-continued  study  which 
it  is  hoj)ed  it  may  yet  receive.  These  wells  are  known  by  various 
names,  "blowing,"  "roaring,"  "breathing,"  "8inging,"or  "weather" 
wells,  according  to  the  widely  separated  commuuities  in  which  they 
occur.  It  goes  without  saying  that  these  welts  are  held  in  doubt  else- 
where, but  the  fact  of  their  existence  Is  established  beyond  all  qnfs- 
tion.  In  some  communities,  noticeably  those  of  .Tefferaon  Countj.all 
such  wells  are  readily  distinguished  at  a  distance  because  of  the 
mound  of  earth  heaped  up  around  the  curbing  and  pump  to  chenk 
the  wind.  Frequently  they  ai-e  banked  up  with  snow  instead,  Hud 
this  soon  becomes  melted  and  riddled  by  numerous  blowholes. 

The  attention  of  the  author  was  first  called  to  this  matter  by  tte  j  ' 
numerous  inquiries  sent  tt»  his  ofHce  for  explanation  of  and  the  rem-  t*^ 
edy  for  the  freezing  of  well -pi'Otec ted  pipes  in  wells  at  the  apparently 
impossible  depth  of  .30,  50,  fiO,  SO,  and  even  1  :;0  feet  l>elow  the  surface- 
In  every  instance  these  were  reported  a.s  roaring  wells.  There  can  V 
no  possible  doubt  about  the  freezing  of  these  pipes  and  but  liltk' 
doubt  as  to  the  cause. 

Re[X)rts  have  come  in   fi-oui   about  twenty  connties,  distribute*^ 
pretty  evenly  over  the  St-ate,  chiefly  south  of  the  Platte.     The  iufoi" 
mation  is  derived  fi-om  landowners,  farmers,  well  diggers,  rainisleif^* 
principals  of  schools,  civil  engineers,  and  students  whose  fathei-sowJ-' 
such  wells,  the  only  difference  in  the  reports  being  that  which  arise- ^^ 
from  difference  of  observation.     These  accounts  agree  with  personn- 
observations.     There  are  periods  when  these  wells  blow  out  for  coi»-  ' 
sec utive  days  and  unequal  period  when  they  are  reversed.     Thisi  ^^ 
tested  with  the  flames  of  (randies  and  by  dropping  paper,  chalT,  fcatU-  " 
ers,  etc.,  into  the  ca-sirig  to  see  it  blown   out  with  some  force  <»  *' 
drawn  iu.     It  is  further  stated  that  blowing  often  indicates  high  »'*' 
low  conditions  of  barometer,  and  that  some  wells  blow  most  audibl  ;*' 
when  the  wind  is  from  the  northwest,  whereupon  wafer  ri.ses  to    i* 
higher  level  in  the  well  than  before;  but  when  the  conditions  at"*' 
reversed  the  air  is  drawn  in, and  in  moat  reported  wells  the  water  i^ 
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lowered.  Many  observers  notice  a  reverse  of  the  current  according 
as  it  is  morning  or  evening,  and  according  as  the  temperature  is  high 
or  low.  During  the  progress  of  a  low-barometer  area  over  one  of  these 
regions  the  wind  is  expelled  from  blowing  wells  sometimes  violently 
and  with  a  noise  distinctly  audible  for  several  rods.  Consequent  to 
the  following  of  a  high-barometer  area  the  blowing  becomes  rapidly 
less  until  the  current  is  reversed,  when  the  high-barometer  area  is 
central  over  the  region. 

Steam  or  water  vapor  rises  from  the  curbing,  melting  the  frost  or 
snow  for  several  inches  around  it.  Beyond  this  the  well  may  be 
encircled  by  several  feet  of  frost  from  the  condensed  vapor.  Shortly 
after  the  current  is  revei«ed  the  thawed  circle  freezes  again.  Water 
vapor,  coming  from  the  stratum  of  invariable  temperature,  in  winter 
is  warmer  when  expelled  than  is  the  outside  air.  This  may  explain 
the  fact  that  the  pipes,  if  not  too  badly  frozen,  are  often  thawed  out 
when  the  well  blows.  It  is  said  that  commonly  inhalation  (which 
carries  the  surface  temperature  to  the  bottom  of  the  well,  thus  freez- 
ing the  pipes),  precedes  the  phenomenon  of  exhalation  (which  carries 
Tapor  at  the  average  temperature  of  about  56°,  and  sometimes  thaws 
the  frozen  pipes). 

Experience  has  taught  the  people  that  the  blowing  of  their  wells  is 
ptemonitory  of  an  approaching  storm;  hence  the  name  ^* weather" 
wells.    This  is  an  entirely  reasonable  and  correct  observation,  for  the 
tailing  barometer  signifies  a  change  of  weather.     The  blowing  means 
a  low-barometer  area,  the  sucking  a  high-barometer  area.     It  is  inter- 
esting, in  this  connection,  to  notice  that  the  periods  of  most  pro- 
iiounced  or  unusual  exhalation  or  inhalation  are  coincident,  respec- 
tively, with  periods  of  exceptionally  low  and  exceptionally  high  barom- 
eter areas.     The  author  has  sent  blanks  to  owners  of  blowing  wells, 
requesting  them  to  report  the  days  and  hours  when  their  wells  begin 
to  blow,  when  the  blowing  is  at  its  maximum,  when  the  current  is 
reversed,  and  when  the  indraft  is  at  its  maximum.    After  observations 
Covering  two  or  three  months  have  been  received  comparison  will  be 
made  with  the  barometric  chart. 

Professors  Loveland  and  Swezey,  of  the  Signal  Service  Station  of  the 
University  of  Nebraska,  have  made  observations  on  such  a  well  in 
E^erkins  County,  the  owners  recording  the  hour  when  the  blowing  or 
lucking  began.  These,  when  compared  with  the  records  of  the  barom- 
eter, were  exactly  coincident.  The  citizens  have  elaborated  many 
explanations,  some  of  them  as  interesting  as  ingenious.  Some  reason 
:ihat  the  blowing  is  plainly  due  to  the  liberation  of  natural  gas;  that 
natural  gas  is  from  petroleum;  that  petroleum  is  the  natural  distilla- 
tion from  great  coal  fields,  and  staking  their  fortune  on  this  original 
reasoning  have  spent  no  small  sum,  besides  valuable  time,  in  pros- 
pecting for  coal.  A  few,  noticing  a  change  of  current  every  twelve 
hours — ^that  is,  morning  and  evening — think  the  blowing  wells  are  due 
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to  tidal  action  of  tbe  sheet  water,  PODSidering  the  sheet  water  as  i 
great  subten-aueau  lake.  They  shoold  recall  that  the  ettecta  of  tides 
on  the  Great  Lakes  thoiuBelTes  is  scarcely  appreciable;  what  then 
cuuld  it  be  in  the  sheet  water? 

The  pfaenonienoD  ia  most  generally  attributed  to  atmospheric  pres- 
sure, which  is  probably  the  true  but  not  necessarily  the  sole  cause. 
The  study  of  a  representative  section  of  wells  in  southeastern  Nebraski 
is  important  and  suggestive.  Below  50  to  100  feet  of  soil  and  subsoil  is 
a  layer  of  dense,  though  thin,  limeskine  about  -t  inches  in  thickneiis. 
When  this  covering  to  the  water-bearing  gravel  below  is  penetral«d, 
water,  under  slight  pressure,  rises  about  1  foot.  The  water-bearing 
layer  is  very  porous  and  water  is  delivered  through  it  rewlily.  More 
or  less  air  must  always  be  inclosed  in  such,  and  especially  between 
it  and  the  roofing  layer  over  the  loose  material. 

It  is  plain  that  the  air  above  and  the  air  inclosed  in  the  rock  and 
gravel  below  are  alike  subject  to  the  fiuetnation  of  the  barometer.  If 
the  surface  air  is  rendered  less  dense  by  a  low  barometer,  the  air  belo* 
will  pass  out  by  an  opening,  natural  or  artificial,  until  equilibriam 
between  the  rarer  and  the  denser  air  is  establistied,  when  they  remain 
stationary.  The  reverse  effect  follows  a  hi gli- barometer  area.  The 
author  can  not  believe  that  this  would  account  for  the  force  displayed 
in  the  expulsion  of  air.  Instead,  the  energj'  displayed  seems  due  W 
the  air  forced  out  by  the  rising  of  the  water  below.  Any  force,  baro- 
metric or  otherwise,  which  would  raise  the  water  level  in  this  lajw 
would  displace  a  certain  amount  of  air.  On  the  other  hand,  a  lower- 
ing of  the  water  table  would  admit  a  certain  amount  of  air,  but  free- 
dom of  egress  and  ingress  is  retarded  by  the  roofing  layer  of  iimestone. 
which  is  perforated  here  and  there  by  an  occasional  well,  and  fruni 
such  openings  the  air  is  expelled  or  drawn  in.  Confine  this  ovem 
wide  area,  and  it  is  apparent  that  a  slight  rise  in  water  level  woulii 
expel  air  from  a  well  for  several  consecutive  hours  or  even  days. 
There  is  probably  such  close  hydrostatic  connection  in  the  sheet 
water  of  the  State  that  it  is  everywhere  sensitive  to  differences  of 
atmospheric  pressure,  and  the  difference  is  made  sensible  in  certain 
localities  by  blowing  or  sucking  wells.  Awaiting  the  time  wheu 
continued  study  shall  have  made  exact  explanation  of  this  phetiuni- 
enon  possible,  it  is  safe  to  attribute  it  to  atmospheric  pressure;  but 
this  is  not  the  sole  cause.  The  immediate  effect  is  not  so  muchthf 
result  of  any  one  cause  as  of  several.  The  observation  is  ofl^n 
repeated  tliat  wells  blow  and  water  rises  appreciably  when  the  winJ 
is  fi-oni  the  northwest.  The  wind  is  not  so  directly  the  cause  as  ;ire 
the  areas  of  low  and  high  barometer,  which  travel  ordinarily  in  lliJ^ 
direction  accompanied  by  more  or  less  wind.  Tlie  wind  may,  tio^f- 
ever,  be  tlie  immediate  cause  in  some  cases,  especially  in  those  wells 
adjacent  to  Platte  River,  and  an  indirect  cause  in  others.  At  time^- 
when  a  strong  wind  from  the  northwest  prevails  for  houra,  its  impaei 
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gainst  the  river  water — that  is,  the  friction  of  the  vdnd — ^is  snfficient 
I  drive  the  shallow  water  of  Platte  River  across  its  bed,  leaving  the 
rigation  ditches,  the  sand  bars,  and  the  interlacing  channels  on  the 
)rth  side  dr}%  while  those  on  the  south  side  are  flooded.  That  is,  the 
ftters  are  piled  up  here,  as  it  were,  and  equilibrium  is  disturbed. 
>  that  extent  there  must  be  readjustment.  This  is  rendered  sen- 
ble  in  the  immediate  vicinity  by  water  rising  in  wells,  at  a  distance 
7  a  wave  of  transmitted  energy,  which  can  but  affect  to  a  certain 
:tent  every  portion  of  the  underflow  of  the  Platte.  This  may  show 
self  in  an  appreciable  rise  of  water  and  consequent  displacement  of 
r  from  porous  strata,  and  an  appreciable  rise  over  a  wide  area  might 
:pel  a  large  volume  of  air.  Tests  show  that  it  is  air,  not  gas,  that 
expelled.  While  exact  records  have  been  kept  respecting  blowing 
alls  as  far  west  as  Perkins  County,  those  farther  east  in  Jefferson 
junty,  probably  the  most  numerous  and  best  known  in  the  State, 
ive  received  no  critical  study  as  yet. 

Mr.  Cassius  A.  Fisher,  assistant  in  the  department  of  geology,  was 
nt  to  visit  this  region  December  16,  1896,  just  as  a  low-barometer 
ea  was  central  over  this  spot,  and  the  blowing  in  all  the  wells  of  the 
^ighborhood  was  most  pronounced.  This  continued  in  a  diminishing 
itio  during  the  night  and  until  noon  the  following  day.  Then  the 
irrent  was  slowly  reversed  consequent  to  an  approaching  high- 
*es6ure  area.  Mr.  J.  M.  Rohrbaugh,  a  student  in  the  department, 
ports  a  blowing  well  on  the  farm  of  his  father,  Mr.  C.  W.  Rohrbaugh, 
\  follows:  The  well  is  situated  4  miles  southeast  of  Jansen,  in  Jeffer- 
•n  County,  sec.  1,  T.  2,  R.  3  east  of  the  sixth  principal  meridian, 
be  well  was  bored  to  a  depth  of  130  feet;  depth  of  water  120  feet, 
blows  out  before  storms,  especially  when  the  wind  is  from  the  north- 
est.  It  has  frozen  repeatedly  to  a  depth  of  120  feet,  that  is,  to  the 
ftter  level.     Water  froze  in  the  pipes  down  to  this  depth  three  times 

one  week  during  the  winter  of  1895,  and  the  pipe  had  to  be  removed 
id  thawed  out  each  time.  There  are  two  such  wells,  one  of  which 
IS  been  abandoned,  and  over  the  top  of  the  casing  has  been  fltted  a 
jg  with  a  hole  so  bored  that  it  whistles  when  the  current  blows  out. 
he  well  sucks  in  air  during  cold  weather,  and  then  it  is  that  pipes 
eeze  at  unusual  depths. 
They  are  of  such  common  occurrence  in  Jefferson  County  that  little 

thought  of  the  phenomenon.  Mr.  Rohrbaugli  has  furnished  the 
ithor  with  a  map  showing  the  blowing  wells  near  Jansen.  Mr.  Cassius 
.  Fisher  reports  such  a  well,  known  to  htm  from  his  childhood,  on 
le  farm  of  his  father,  Mr.  M.  C.  Fisher,  six  miles  east  of  Fremont, 

Saunders  County.  The  well  was  60  feet  deep,  and  on  a  hillside. 
hey  called  it  the  '*  singing  "  well,  because  the  sound  exactly  resembled 
;e  singing  or  simmering  of  a  teakettle.  The  blowing  often  continued 
r  three  consecutive  days;  at  the  end  of  that  time  water  stood  several 
et  higher  in  the  well,  as  they  could  tell  by  lowering  the  well  bucket. 
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The  "breathiug"  well  of  Joseph  Henggler,  of  Columbus,  Pliitte» 
County,  represents  very  nicely  this  tj-pe  of  wells.     It  has  been  reported 
in  person  by  the  owner  and  by  at  least  six  to  eight  different  neighbors. 
They  have  lon^^  been  familiar  with  the  fact  that  the  air  was  drawn  ia 
during  certain  Heasons  and  blown  out  during  others,  and  with  the  dif- 
ficulty from  the  freezing  of  the  pipes;  the  wat«r  eseapo  ha«  been  low- 
ered from  10  feet,  where  it  was  first  placed,  to  20  feet,  then  to  40,  and 
finally  to  50  feet,  which  was  about  on  the  water  level,  the  well  being 
HO  feet  deep.     The  pipe  was  f  nv^n  at  the  depth  of  50  feet.     Hr.  Heng- 
gler has  kept  a  therniometer  by  his  well,  and  has  been  able  to  make 
pretty  close  observations.     "  When  the  temperature  stands  at  SiJ'  a 
rise  of  1°  will  cause  a  current  to  blow  out  and  a  fall  of  1"  to  blow  in."       . 
Finding  that  the  well  was  freezing,  he  undertook  to  stop  the  ingoing      i 
current  by  banking  up  the  well  curbing  with  manure  and  straw  from     I 
the  barn.     This  was  soon  blown  away.     Then  straw  with  a  layer  of     I 
earth  was  placed  over  the  curbing.     Finally  the  "  imprisoned  wind"      ' 
blew  around  the  curbing  to  such  an  extent  that  it  hollowed  out  a  con- 
siderable basin.     After  several  years  the  "well  was  abandoned  and  ^ 
second  well  dug,  which  has  caused  the  owner,  according  to  his  at^connt, 
almost  as  much  trouble.     In  Franklin  County  exactly  similar  well^* 
are  reported.     An  assistant  has  visited  and   reported  a  well    neaxT" 
Macon  which  has  frozen  in  winter  to  a  depth  of  80  feet,  because  of  th^» 
indraft  of  cold  air.     He  also  reports  of  the  same  well  that  when  th^^ 
wind  is  from  the  northwest  the  water  i.s  raised  about  18  inches,  ani^V 
when  in  the  opposite  direction  the  water  is  lowered  about  18  inches- — 

In  Phelps  County,  3  miles  north  of  Phelps  Center,  there  are  blow- 

ing  wells  in  which  the  current  of  air  is  out  or  in,  according  as  the^ 

wind  is  from  the  north  and  northwest  or  from  the  south  and  soulh 

east.  Mr.  J.  F.  O'Brien,  engineer  of  the  irrigation  canal  at  Kearney-— » 
has  seen  these  wells,  and  has  told  the  author  personally  of  them  ant^M 
of  blowing  wells  found  in  Lincoln  County.  According  to  his  accouu-^ 
he  has  seen  numerous  wells  of  this  type,  and  they  are  usually  founcr^ 
in  loose  sand  and  gravel  south  of  the  Platte. 
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LETTER  OF  TRANSMITTAL. 


Dbpabtmbnt  of  thb  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 

Washingioriy  April  i-4,  1S99. 

B:  I  have  the  honor  to  transmit  herewith  a  manuscript  on  the 
ter  Resources  of  the  Lower  Peninsula  of  Michigan,  by  Dr.  Alfred 
>ane,  and  to  recommend  that  it  be  printed  as  one  of  the  series  of 
:er-Snpply  and  Irrigation  Papers.  This  material  is  a  portion  of  the 
ome  of  Dr.  Lane's  studies  in  connection  with  the  geological  sur- 
of  the  State  of  Michigan,  supplemented  by  statements  received  in 
Y  to  circulars  sent  throughout  the  Lower  Peninsula  of  Michigan 
ell  drillers  and  others  likely  to  be  well  informed  and  interested 
le  subject.  The  facts  thus  gathered  have  been  collated  with  the 
It  of  two  months'  field  work  during  the  autumn  of  1897.  The 
plete  report  has  assumed  such  bulk  that  it  has  been  found  neces- 
to  divide  it  into  several  parts.  The  first  of  these,  containing 
general  conclusions,  is  herewith  presented.  The  remaining  data 
naturally  into  two  classes,  the  first  consisting  of  analyses  of 
)rs  and  the  second  of  detailed  descriptions  of  the  supply  at  vari- 
localities  visited.  It  is  hoped  that  these  data  may  be  printed  as 
ceding  papers  of  this  series. 
Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge. 
on.  Charles  D.  Walcott, 

Director  United  States  Oeological  Swrvey. 
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^ATER  RESOURCES  OF  THE  LOWER  PENINSULA  OF 

MICHIGAN. 


By  Alfred  C.  Lane. 


VARIOUS  USES  OF  WATER. 

The  region  under  consideration  is  generously  endowed  with  water 
ipplies,  but  it  is  apparent  from  experience  elsewhere  that  these  may 
>  wasted  or  seriously  depreciated  in  value  by  carejessness  or  lack  of 
lowledge  of  their  extent  and  limitations.  It  is  a  common  error  to 
ippose  that  if  the  limit  to  the  supply  of  anything  is  not  clearly  in 
^ht  that  the  supply  is  inexhaustible;  for  example,  the  ^^practically 
exhaustible  "  supplies  of  pine  of  the  Saginaw  Valley  of  thirty  years 
:o  are  now  nearly  gone,  and  instances  are  cited  of  the  sale  of  privi- 
^es  of  cutting  the  stumps  on  land  already  cut  over  for  sums  greater 
an  the  tracts  originally  cost.  ''Inexhaustible  supplies"  of  natural 
»8  have  failed;  and,  in  short,  it  maybe  said  that  there  is  hardly  a 
itural  resource  whose  quantity  or  quality  has  not  seriously  deterio- 
ted  through  lavish  use. 

In  many  parts  of  the  United  States  formerly  as  well  watered  as 
ichigan  there  has  been  apparently  a  shrinkage  of  water  supply, 
tie  streams  which  at  one  time  carried  considerable  volumes  of  water 
Toughout  the  year  are  now  reported  to  be,  during  summer  at  least, 
iarly  dry.  FloMing  wells  have  failed  in  many  regions,  either  from 
ulty  construction  or  from  the  multiplication  of  deep  borings.  In 
"der,  therefore,  that  it  may  be  possible  not  only  to  utilize  the  water 
'Sources  of  the  area  under  discussion  to  the  fullest  possible  extent, 
xt  also  to  guard  against  causes  of  failure,  it  is  desirable  to  bring 
»gether  all  of  the  information  available,  combining  the  facts  and 
rawing  broad  conclusions. 

Although  the  uses  of  water  are  almost  infinitely  varied,  yet  all  kinds 
f  water  are  not  equally  available  for  all  purposes.  The  wide  range 
^  the  quantity  of  water  and  in  its  quality  leads  to  an  equal  diversity 
I  application;  for  example,  Michigan,  as  a  whole,  being  humid,  water 
^  little  value  for  agriculture,  irrigation  being  practically  confined 
'  the  use  of  water  from  city  supplies  applied  to  lawns,  flower  beds, 
^d  rarely  to  fruit  trees  and  market  gardens.    On  the  other  hand, 
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Uthough  wator  is  so  abandant  consideratioa  must  be  paid  to  its  qual- 
ity; that  IH,  to  the  ainouot  and  kind  of  organic  or  inorgaoic  matt«r 
leld  in  solutiou or  siispeoaioD.  Another  matterof  primary  importance 
.8  the  elevation  of  the  water  with  reference  to  possible  fall,  or,  in  other 
wordH,  the  head  available.  Upon  this  latter  feature  depends  whether 
t  can  be  used  as  a  source  of  power  or  whether  power  mnst  be  eon- 
lumed  in  raising  it. 

For  certain  usea  practically  the  only  thing  desired  is  abundance 
3f  supply;  for  example,  such  city  uses  as  fire  protection,  flushing 
iewers,  fend  cleaning  streets.  The  head  required  is  generally  obtained 
irtificially.  Only  in  exeeptiopally  favored  localities,  such,  for  dtam- 
pie,  as  those  close  to  the  edge  of  the  moraine  country  on  the  lakeward 
tide,  is  there  head  sufficient  to  obviat«  the  use  of  pumps.  This  is  the 
iase  in  Hart,  T.  15  N.,  R.  17  W.;  Rochester,  T.  3  N.,  R.  11  E.;  and 
Rose,  T.  24  N.,  R.  3  E. 

There  are  other  uses,  however,  in  which  quality  is  the  first  consid- 
eration; as,  for  instance,  cooking  and  drinking.  Finally,  as  a  sourue 
jf  power  water  must,  of  course,  have  liead. 

Thusthedifferentsourcesof  supply  and  the  different  uses  have  been 
ri&Bsified,  so  that  one  may  see  at  a  glance  the  more  important  factors 
JD  a  given  use  and  the  sources  which  best  meet  the  requirements. 
The  most  difficult  problems  to  solve,  however,  are  those  where  many 
leeds  are  to  be  met  by  one  system ;  where,  as  in  a  supply  for  a  city, 
t  is  frequently  necessary  that  ample  quantity  for  fire  protection  and 
bose  nse  should  be  combined  with  at  least  a  good  degree  of  organic 
purity  for  drinking  purposes  and,  if  possible,  with  sufficient  purity 
from  lime  and  inorganic  salts  to  be  available  for  laundry  use  and  for 
boilers.  Such  cases  require  special  consideration  and  often  preseut 
very  complex  problems. 

USES  WHERE  QUANTITY  IS  IMPORTANT. 

TRANSPORTATION   ON   THE   GREAT   LAKES. 

The  great  extent  of  shore  line  and  the  use  of  the  waters  of  the 
State  for  transportation  require  some  notice,  especially  in  their  bearing 
on  other  water  uses.  Michigan  is  more  cut  up  by  the  Great  Lakes  than 
any  other  State,  having  some  1,600  miles  of  shore  line,  and  the  com- 
merce on  the  Lakes  is  growing  at  a  remarkable  rate.  The  commerce 
past  Detroit  is  greater  than  that  past  any  other  port  in  the  world 
The  harbor  master  of  Sand  Beach  estimates  that  a  boat  passes  within 
sight  every  five  minutes,  day  and  night. 

If  commerce  increases  in  the  future  as  in  the  past,  it  may  be  doubt- 
ful whether  the  Great  Lakes,  and  rivers  like  the  St.  Clair  and  Detroit, 
independent  of  the  question  of  sewage  emptied  into  them,  will  be  suf- 
ficiently free  from  organic  impurities  to  be  available  for  city  water 
supplies.  At  present  the  Great  Lakes  are  the  source  of  the  water  sup- 
piy  of  most  of  the  cities  and  towns  on  their  shores. 
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NAVIGATION  ON  THE  SMALLER  LAKES  AND  RIVERS. 

On  many  of  the  larger  inland  lakes,  in  which  Michigan  is  so  rich, 
and  on  some  rivers  tugs  have  been  employed,  mainly  for  pleasure  or 
for  towing  logs.  The  lower  parts  of  the  rivers  are  used  for  harbors. 
Along  the  west  shore,  as  at  Manislee,  Ludington,  and  Frankfort,  the 
lower  reaches  of  all  the  rivers  are  practically  lakes.  These  lakes  are 
separated  from  Lake  Michigan  by  sand  bars,  which  often  have  to 
be  cut,  after  which  the  lakes  make  good  small  harbors.  In  this  way 
Charlevoix  Harbor  has  been  connected  with  Pine  Lake  by  a  short  cut, 
and  Cheboygan  is  located  on  a  river  the  mouth  of  which  serves  as  a 
harbor.  In  the  part  of  the  State  lying  between  Traverse  City  and 
Cheboygan  it  has  been  possible,  with  some  artificial  aid,  to  establish 
an  extensive  system  of  inland  navigation.  It  may  be  noted,  too,  that 
for  a  long  distance  from  its  mouth  the  Saginaw  River  and  its  various 
branches  are  practically  at  lake  level.  In  fact  the  watershed  between 
the  Grand  River  and  the  Saginaw,  near  Ashley,  is  only  about  87  feet 
above  the  lake  level,  so  that  if,  as  has  been  suggested,  a  canal  Vere 
to  be  built  to  cut  off  the  long  northern  voyage  by  the  Straits  of  Mack- 
inac from  Chicago  and  Milwaukee,  it  would  be  far  easier  to  construct 
it  along  this  line  than  any  other.  On  the  Michigan  side  Grand  River 
is  navigable  nearly  to  Grand  Rapids.  Besides  Saginaw  River  up  to 
St.  Charles,  the  mouths  of  Black  River  at  Port  Huron,  of  Thunder  Bay 
River  at  Alpena,  and  of  Huron  River  are  used  for  short  distances. 
Transportation  by  boat  has,  however,  been  checked  along  Saginaw 
River  and  other  streams  by  their  extensive  use  for  the  transportation 
of  logs,  to  say  nothing  of  the  fact  that  they  are  very  crooked. 

LOG  DRIVING. 

A  glance  at  the  map  will  show  that  the  branches  of  the  Saginaw 
diverge  in  every  direction,  from  north-northeast  to  east-northeast,  and 
they  have  served  to  transport  the  pines  to  Saginaw  and  Bay  City.  For 
miles  along  their  course  the  rivers  have  been  packed  solid  with  logs. 
Lumbermen's  dams  have  been  constructed  along  the  headwaters, 
their  object  being  to  accentuate  and  regulate  the  floods.  The  Sagi- 
naw Valley  has  now,  however,  been  converted  into  farming  country, 
and  Saginaw  has  its  city  water  supply — which,  fortunately,  is  not  much 
used  for  drinking— from  these  rivers.  In  considering  the  use  of  the 
Saginaw  and  its  branches  for  such  purposes  the  fact  must  not  be  for- 
gotten that  for  a  large  part  of  the  year  they  are  stagnant  water,  with 
the  current  setting  up  and  down  with  the  changes  in  the  wind  and  in 
the  level  of  the  bay,  and  that  they  are  lined  with  rotting  logs.  It  is 
no  wonder  that  the  analyses  of  such  streams  show  much  organic  mat- 
ter. There  are  all  along  the  shores  of  the  peninsula,  at  the  mouths 
of  the  more  important  streams,  towns  of  considerable  size  which 
obtained  their  start  as  sawmill  towns  and  which  are,  or  were,  supported 
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the  need  of  quantity  baa  too  oft«Q  been  considered  alone,  and  eveo 
the  most  riidimeutftrj'  precautions  for  purity  have  been  neglected. 

West  Sa^naw  talcea  its  water  direct  from  the  river,  under  a  dock 
close  to  the  heart  of  the  city  and  near  a  large  sewer,  the  settling  tank 
bein^  75  by  22  feet  and  the  river  current  variable.  The  water  is  of  a 
muddy-green  color,  with  a  good  deal  of  bark  floating  around  in  the 
tank.  Alma  takes  water  from  a  mill  race  300  feet  above  a  sewer. 
There  ia  no  protection  to  the  banks  of  the  stream  alwve.  Both  of 
these  places,  however,  use  almost  exclusively  for  drinking  purposes 
water  from  deep  wells  which  comes  under  clay  and  is  therefore  safe. 
In  Saginaw  it  is  said  that  the  salt  water  from  the  deeper  wells  has 
found  its  way  into  some  of  the  shallower  rock  wells  and  contaminated 
them,  and  the  waste  bitterns  go  into  the  river.  But  individual  wells, 
however  numerous,  are  not  an  ideal  supply  for  a  lat^e  town,  with  the 
running  here  and  there  to  neighbors,  the  possibility  of  some  wella 
being  too  shallow  f«  be  safe,  and  the  liability  to  contamination  from 
dug  wells.  The  Saginaw  is  so  sluggish  a  stream  that  it  ia  practically 
a  pond.  A  plant  situated  as  far  up  as  the  East  Saginaw  plant,  there- 
fore, if  the  banks  were  bought  for  a  ''riverside  park"  and  protected 
for  a  few  miles,  and  if  the  reflux  of  water  from  the  lower  river  were  j 
prevented,  especially  if  there  were  a  gravel  bed  instead  of  decapcg  I 
planks  between  the  settling  tank  and  the  river,  might  furnish  a  fairly  ' 
satisfactory  water  supply;  but  one  would  probably  not  have  to  go 
far — not  beyond  Vassar — to  secure  an  ample  and  pure  supply  in  sand- 
stone. Analyses  of  these  waters  will  be  given  in  a  later  paper.  Jlost 
of  the  other  large  cities  are  supplied  from  the  Great  Lakes,  and  seem 
to  find  nooljjection  to  that  source,  though  Chicago's  experience  shows 
that  there  is  a  possibility  of  danger  to  be  guarded  against. 

Many  towns,  however,  like  Rochester,  Birmingham,  Hunt,  Petoskey, 
Charlevoix,  Harbor  Springs,  Bay  View,  and  Chelwygan  have  fouuda 
sufflcient  supply  in  deep  wells,  and  most  towns  of  the  State  could  lie 
thus  supplied  if  they  were  willing  to  give  up  the  iise  for  garden  hose, 
motors,  etc.  The  construction  of  a  large  reservoir  to  meet  the  e.xlra 
heavy  demand  of  summer  might  be  feasible.  One  practicable  «"*)■ 
would  be  to  limit  the  use  of  garden  hose  to  a  short  time  each  day, 
during  which  time  the  reservoir  or  some  inferior  filtered  source  of 
supply  could  be  drawn  upon.  It  is  an  advantage  of  this  plan  tlmt 
the  efficacy  of  a  gravel  filter  be<l  is  immensely  increased  if  it  is  not 
continuously  in  use. 

The  use  of  water  in  our  Michigan  towns  is  extravagant,  and  the 
difficulty  of  securing  a  proper  quality  is  corresiwndingly  increased. 
For  example,  Bay  City,  with  a  population  of  about  33,000,  IwsiJt'S 
the  supply  from  wells,  in  189ii  used  107  gallons  a  day,  about  5  per 
cent  of  which  was  through  manufacturing  meters,  5  per  cent  through 
domestic  meters,  and  the  rest  at  fixed  rates.  The  special  water  sup- 
ply committee  of  the  city  council  of  Traverse  City,  1897,  George  W. 
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Rafter,  consulting  engineer,  figared  upon  supplying  100  gallons  a  day 
[4)  a  population  three  times  the  present.  This  is  one  of  the  most 
carefully  studied  of  recent  propositions  and  the  report  compares  a 
lumber  of  typical  city  sources  of  supply. 

USES  WHERE  HEAD  IS  IMPORTANT. 

The  use  of  water  for  motive  power  depends  not  only  on  the  quan- 
:ity,  but  also  on  the  head.  The  total  energy  is  expressed  by  the 
product  of  these  two.  There  are  two  widely  different  conditions 
under  which  water  is  thus  used.  The  one  is  where  the  head  is  first 
Artificially  obtained  and  the  water  is  raised  by  pumping.  In  such 
sases  the  water  acts  merely  as  a  distributor  of  power.  In  this  way 
prater  is  used  in  many  of  the  cities  and  towns,  running  motors  for 
Light  machinery,  especially  for  elevators.  The  chief  advantages  are 
that  it  is  ready  at  hand,  quiet,  noiseless,  odorless,  not  dangerous,  and 
convenient  in  every  way.  There  is,  however,  considerable  loss  of 
head  in  narrow  and  crooked  pipes,  and  it  is  not  the  most  economical 
method  of  transmitting  power,  while  the  extra  quantity  of  water 
needed  makes  the  attainment  of  desirable  quality  far  more  difiicult. 
Electricity  may  be  expected  to  relieve  our  water  systems  of  much  of 
this  burden  of  power  transmission.  The  other  use  is  where  natural 
water  power  is  utilized.  In  respect  to  natural  water  power,  Michigan 
18  much  better  situated  than  many  adjacent  States,  though  there  are 
no  very  large  streams  except  the  international  Detroit  and  St.  Clair 
rivers,  which  are  not  dammed. 

A  large  area,  both  in  the  northern  and  southern  part  of  the  State, 
is  more  than  1,000  feet  above  tide,  or  say  400  feet  above  lake  level, 
ft  will  be  noticed,  too,  from  the  contour  map  (PI.  I)  and  from  fig.  10 
^hat  the  descent  from  the  1,000  to  the  700-foot  contour  line  is  fre- 
lUently  quite  rapid,  and  here  is  a  great  belt  of  water  powers. 

In  a  few  cases,  as  at  Traverse  City  and  around  West  Branch,  flow- 
Hg  wells  furnish  such  a  volume  of  water  as  to  be  of  considerable 
•ower.  Around  West  Branch  and  Rose  City  such  wells  distribute 
^ater  into  the  second  stories  of  the  houses,  and  at  Traverse  City,  as  at 
(arbor  Springs,  it  has  been  proposed  to  use  part  of  the  water  in  a 
ydraulic  ram  to  elevate  the  remainder. 

But  the  head  of  flowing  wells  is  of  most  importance  in  saving  the 
ower,  windmill  or  steam,  which  would  otherwise  be  required  to  ele- 
ate  the  water. 

There  are  also  many  lakes — and  these  chiefly  in  the  highest  parts 
t  the  State — which  help  to  steady  the  flow  of  the  streams  by  acting 
B  reservoirs,  though  many  of  them  are  quite  variable  in  their  water 
tage.  For  instance.  Clam  Lake,  near  Cadillac,  is  said  to  have 
'aried  more  than  16  feet.  Thus  conditions  are  quite  favorable  to  the 
levelopment  of  water  i)ower  in  streams,  and  small  water  powers, 
Hited  for  village  waterworks,  electric-light  plants,  country  sawmills 
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and  grigtniillg,  etc.,  are  widely  distribnted  along  the  edge  of  and  in 
the  niorainal  areas.  Almost  uniformly  wherever,  as  explained  later 
(p.  63),  the  earlier  high-level  Glacinl  drainage  has  been  captured  and 
diverted  by  streams  which  have  worked  back  across  the  moraines, 
good  sites  for  wat«r  powers  may  be  found,  though  thus  far  the  abun- 
dance of  fuel  aud  the  relatively  heavy  first  cost  of  waterworks  improve- 
ments have  retarded  their  development  somewhat. 

WATER  POVrSRS   IN  MICHIGAN. 

The  following  table  of  places  where  wat«r  [mwers  have  been  observed 
or  reported  is  doubtless  very  incomplete.  More  complete  acconnts 
are  given  of  the  two  important  regions  which  have  been  studied  in 
greater  detail.  Tlio  southeastern  part  has  been  studied  in  connec- 
tion with  the  Tenth  Census,  and  Kalamazoo  River  has  been  studied 
by  Mr.  Robert  E.  Horton.  It  must  not  by  any  means  be  inferred 
that  the  Huron  and  the  Kalamazoo  are,  from  the  importance  given 
to  them,  the  most  important  water-power  streams  of  the  State.  They 
are  merely  those  of  which  the  most  is  known,  and  the  study  of  the 
Grand  River  system,  and  others  equally  important  in  the  Dorthem 
part  of  the  State,  would  require  more  time  and  money  than  have  been 
allotted  to  this  paper. 

Water  potpers  in  Michigan, 
L^EE  ERIE  DBAIMAGB. 
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stream. 

Lontloa  oC  power. 

Bauurka. 

RftiBiii  River  . 

Few  above  Adrian 

Dexter   to   Ypailanti. 

Ypsilaiiti(5-footfall).. 

See  Report  on  Water  Powers, 
Tenth  Cenans.  See  also  Wb- 
chell,  Geology  of  Washtenaw 
Connty,  1S81,  p.  19. 

Water  power  for  waterworiu 
Iiumping  station. 

Do 

Do 

Pettibone  mills,  Milford 
Below  Hndeon 

TifQnRiver 

Small. 

DETROIT  RtVEB  DBAINAGE. 


River   Ronga    (Eco 
Hiver). 


Above   Plymonth;   small   flow, 
considerable  fall. 


LAKE  ST.  CLAIR  DRAINAQE. 


I  Rofjhealer  .  . .  _ Above    Utica    are 

small  powers. 
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Stream. 

Location  of  power. 

Romarks. 

Belle  Biver 

Mill  r!r«filr 

Below  Yale 

Black  RiTer 

Poor  power;  a  stream  of  dimin- 
ishing drainage  area;  swamps 
being   cleared    and   summer 

• 

drought  becoming  accentu- 
ated. 

THUMB  OP  MICHIGAN. 


AQsQ  Creek 

Rock  Fall*? 

10- foot  head;  not  much  water; 

WUlow  River 

Huron 

Near  Popple 

abandoned. 
Abandoned. 

PiAnebog  River 

I^igeon  River 

Not  used;  drainage  area  grow- 
ing, but  the  swamps  are  being 
cleared. 

Not  used. 

Above  Wolfton 

SAGINAW  RIVER  DRAINAGE. 


C»88  River 


Do 

Do 

Flint  River 

Shiawassee  River. 

Do 

Pine  River 


Chii»pewa  Biver. 


Do 

Salt  Biver 

Tobacco  Biver 

Tittabawassee  Biver . 


Caro 

Vassar 

Flint  to  Columbiaville. 

Owoflso 

Corunna.  _ 

St.  Louis  and  Alma,  up 
to  Millbrook. 

Mount  Pleasant 


Bariyton 


Farwell  and  Clare. 


A  stream  of  diminishing  drain- 
age and  sandy  course. 
Undeveloped. 
4-foot  fall. 
Good  power  near  Flint. 

10-foot  fall. 

At  St.  Louis  dam;  at  Alma  a 
dam  with  10-foot  head  helps 
run  elevator  and  waterworks. 

15-foot  fall  runs  waterworks, 
electric-light  plant,  and  ele- 
vator. 

Dam;  8-foot  fall. 


Very  sandy  and  sluggish,  except 
at  head  waters. 
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Straun. 

I.»-tV»afp«w«. 

Kemwk.. 

Biflo  River 

Honghton  Creok 

Rowaty 

10-foot  dam. 

TalleyB  nod  fall  -where  cnw- 

ing  the  200-foot  contonr  line. 

All  Sable  Hirer  _ 

BflpedAlly      throagb 

Splendid  water  powers;  nniwd, 

the    Btretch    from 

largely  fed  by  Bpringa,  with 

MiotoT.MN..  R. 

a  comparativply  small  flood 

6E. 

plain. 

Do 

Grayling- 

Dam. 

Thnnder  Bay  Biver 

Brodwell-e  mills  and  Tnnr- 
bridge'H  mills. 

Cheboygan  Eiver.  _ 

Long  Rapids  to  Hill- 

Little  falL 

Oqueoc  River  .   

Btnrgeon  River 

Sec.  3,  T.  M  N..  R.  1  E_ 

Mill. 

Probably    some   powers;  reck 

banks. 

Mnlletts  Eiver    

bridce. 

LAKE  MICHIGAN  DRAINAlil 


PetoBkey 

Ingallfi  mills. 

HOOthVTBSt. 

wheel;  put  in  lus  early  as  IS'id; 

note  I  hi!  very  large  iHke  draiu- 

age:  steady  power. 

li-foot   tall;    liO-:0    liorsepovi-fr 

used. 

30-foot  bead;  flow  in  drondi' 

about  IW)  cubic  feet  a  secoud. 

See  p.  31. 

fall. 

Weldon  Township  .._. 
Benzonia 

Do 

U5E.) 
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Water  poioers  in  Michigan — Continued. 
LAKE  MICHIOAN  DRAINAGE-Continued. 


Stream. 

Location  of  power. 

Remarks. 

Crystal  Creek 

Outlet  of  Glen  Lake. .  . 
Lower  part 

2  or  3  powers. 

lanistee  River 

Sandy  valley;  drainage  area  di- 

oath  Branch    

minishing;   numerous   small 
mill  sites;  quite  variable. 
Rapid  fall  below  Tustin. 

dttle  Manistee  River  . . 

tig  Sable  River 

Yotepeeakan  River 

Vhite  River 

if uskegon  River 

Neway  aro _. 

Do 

Biur  Rapids 

30-foot  fall;  large  stream;  stead- 
ied    inflow    by    lakes     and 
springs;   furmture  factories, 
etc 

Crockery  Creek 

Rabbit  River 

Kalamazoo  River 

See  report  by  Robert  E.  Horton, 

Coldwater  River 

pp.  22-88. 

Hog  Creek 

Pawn  River 

Near  Burrows 
Grand  Rapids. 
FallaBshurg. . . 

J^rand  River ...     

Large  manufacturing  power. 

Plat  River 

35-foot  fall  between  here  and 

Rouge  River 

at  LowelL 

Bear  Creek 

Ipple  Creek 

Cannon,T.8N. 
Caledonia,  T.  5 

low. 

Alpine,  T.8N., 

CaRcade,T.6N., 
Whitneyville . 

,R.10W 
N.,R. 

R.12W 

,R.10W 

200-foot  fall  in  12  miles. 

Do 

Tributaries   of   Grand    River: 

liornapple  River 

Do 

mill  sites  in  eastern  part. 
Fine  water  power. 

'edar  Cre«k  ,. 

Good  mill  stream. 

Do 

Ada 

•■ 

Two  mills. 

luck  Creek 

Mill  stream. 

I^rand  River 

Grand  Ledge . 

North  Lansing 
Eaton  Rapids . 

Fftnt<^i^«8t    Ther«  are  n umerous 

Do 

Do 

small  powers  among  the  head- 
waters of  the  Grand. 
9-footfall.   AlfioadamatSoath 
Lansing. 
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Stnam. 

Loation  of  power. 

Bvmsrka. 

Jackson 

Danu:  About  lO-foat  heed, 
Spring  Brook,  one  of  the  head- 
watere,  has  18-foot  bead  mo- 
ning  a  raw  and  feed  mill,  about 
831  cubic  feet  a  day:  loven 
5  or  6  inches  a  day,  bat  fin*  up 
over  night.    The  brook  stwtt 
in  a,  big  spring  1  mile  awiy 
and  paaaes  throogh  twoUkei. 
Adjacent  brooka  f  urniBh  aim- 
ilar  powers  of  local  Talna. 

Paw  Paw  River 

Almena.T.2S..RiaW 

HEPORT  ON  THE  BUN 

i 

-OFF  Aim  WATER  POWER  OF  KALAMAZOO  RITBE, 
By  Robert  E.  Hokton. 

aXOUJOT   AND   TOPOOKAPHY. 

Tlie  Kalamazou  RivLT  risfs  in  the  wimth  rentral  part  of  the  Lower 
Peninsula  of  Michiftan  and  (lows  Iti  a  northwesterly  direction,  debouch- 
ing  into  Lake  Mifhigau  3^  miles  below  the  village  of  Swugatuck.  fc 
eun-ent  ia  slow,  averaging  about  3  miles  an  hour,  and  its  slopi'  uiii-  j 
form,  there  lieing  no  waterfalls  and  no  considf;rable  rapids  except  Hi  , 
two  points,  Mt  eacho£  which  there  occurs  a  descent  of  3  or  4  feel  wilUiu 
a  distance  of  a  few  rods.  The  river  flows  through  a  rich  agricultural 
region,  in  a  valley  from  one-fourth  of  a  mile  to  2  or  3  miles  in  width, 
backed  by  low  hills  or  sloping  gently  to  the  upland.  The  flat  lands 
in  the  valley  are  often  flooded  and  serve  largelj'  as  i>ernianent  mead- 
ows through  which  the  river  winds,  oflen  in  a  very  tortuous  manner. 
Two  branches  unite  at  Albion  to  form  the  main  stream.  The  tcnul 
length  from  the  point  of  juncture  to  the  outlet  is  101  miles. 

In  respect  to  the  climate,  topography,  and  run-off  of  its  watershe^l 
Kalamazoo  River  may  bo  considered  as  typical  of  the  larger  streams 
of  southern  Michigan,  including  the  Grand,  the  St.  Joseph,  and  the 
llaisin,  all  of  which  And  their  sources  within  a  few  miles  of  each 
other  and  of  the  Kalamazoo.  The  drainage  area  covers  1,750  square 
miles  overlaid  with  Pleistocene  deposits.  The  surface  formations  are 
distributed  about  as  follows:  Morainal  ridge  and  glacial  drift  covers 
between  25  and  45  per  cent  of  the  watershed ;  day- loam  till  plains,  25 
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to  35  per  oent;  overwaah  valley  train  deposits  of  the  ice  drainage,  35 
to  45  per  oent.  The  latter  lies  chiefly  in  the  middle  and  upper  por- 
tions of  the  watershed,  underlying  short  tributaries  with  swamp  drain- 
age. The  clay-loam  till  plains  form  basins  for  lake  storage,  but  give 
small  flow  from  ground  storage.  The  surface  soil  is  diversified. 
Gravel,  clay,  and  loam,  mixed  with  sand,  alternate  in  relatively  small 
areas.  ^ 

Between  Albion  and  Augusta,  a  distance  of  34  miles,  the  main  river 
channel  lies  between  parallel  morainal  ridges  deposited  by  the  east 
wing  of  a  reentrant  cusp  of  the  ice  front  which  had  at  one  time 
worked  back  step  by  step  from  the  Indiana  line.  Between  Kalamazoo 
and  Plainwell  the  river  channel  cuts  through  the  more  northerly  of 
these  parallel  ridges.  The  Valparaiso  moraine  and  Covert  ridge,  run- 
ning parallel  to  the  above  and  to  the  lake  front,  are  similarly  crossed 
below  Otsego. 

The  main  river  below  Kalamazoo  largely  follows  lines  of  pre-Glacial 

drainage.    In  the  upper  portion  of  the  watershed  the  tributaries, 

which  are  numerous  and  ramify  extensively,  generally  disregard  the 

morainal  contours  in  their  courses,  while  the  main  stream  follows  them 

closely.    There  is  a  fall  of  from  12  to  20  feet,  within  a  distance  of 

a.l)out  a  mile,  at  the  point  of  discharge  of  a  number  of  tributaries, 

burnishing  excellent  water  powers  at  points  where  the  extent  of  the 

fl^ts  prevents  dams  being  built  on  the  main  river. 

The  depths  in  feet,  as  determined  from  deep  borings  of  the  drift 
Band  and  shale  deposits  underlying  the  river  channel  at  various 
points  along  its  course,  are  as  foUows:  ^ 

8eetion8  hdow  channel  of  Kalamazoo  River, 


Flaoe. 


Albion 

Marengo 

Marshall 

Battle  Creek 
Kalamazoo  . 
AUegan 


Distance 

from 

month  of 

Btroam. 


Miles. 

101 
98 

88.8 
75.5 
52.1 
82.5 


Depth  of 

Riacial 

drift. 


Feet. 
10 
60 
70 
70 
130 
260 


Depth  of 
sand  rock. 


Feet. 

271 

200 

43 

43 

(h) 

75 


Depth  of 
blue  i^les 
below  sand 

rock,  a 


Feet. 
100 
200 
827 
820 

(b) 
770 


a  As  far  as  measnred. 


b  Together,  1,070  feet. 


The  line  of  the  supposed  outcrop  of  the  bottom  of  the  Marshall  sand- 
stone crosses  the  watershed  in  a  northwesterly  and  southeasterly  direc- 
tion, intersecting  the  river  channel  below  Battle  Creek. 

>  See  effect  of  drift  upon  topography  and  drainage,  by  Frank  Leverett:  Seventeenth  Ann. 
Rapt.  U.  S.  Geol.  Surrey,  Part  II,  pp.  706-711. 

*  The  geology  of  Lower  Michigan  with  reference  to  deep  borings:  GtooL  Survey  Michigan, 
VoL  V,  Part  IL 
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There  are,  within  the  catchment  basin,  a  large  number  of  small  Uku 
and  spring  hollows,  in  which  wat«r  stands  part  or  all  of  the  tinw. 
ftlany  of  these  have  no  surface  oatlets  and  feed  the  stream  onlj 
throngh  seepage  or  gronnd  flow,  a  large  portion  of  their  waters  Wmf 
etinsiiined  directly  hy  eva]>oratiou.  Each  of  these  lakes  drains  hh 
area  varying  generally  from  six  to  twelve  times  its  own  area,  sail 
their  combined  eatchment  re<iucea  inateriaUy  the  area  directly  trilju- 
tarj- 1«  the  river.  The  following  table  shows  the  relative  number  ami 
ares  of  tributary  and  nontribntary  takes  within  the  watershed  io  U:i< 
fttar  counties  having  the  largest  tributary  drainage:' 

I        TrSnitary  and  noatr^ttarg  tajc^a  in  the  tcaterihed  of  Kaianultoo  Ritvr. 


[ 


Ooontr. 

o(rt»er. 

Number 
□r  tribD- 

-Sr- 

Nnmber 

"ST 

ArMof 

tarr  IskM 

48S.68 
148.5 
273.5 
6ST. 

S8 
« 

65 

Sq.  miU.. 

8.69 
1.29 

47 
SB 
81 
25 

Sa.»fl« 
3.95 
0.32 
3.25 
.64 

Jaekaon 

AlU^an ... 

"  It  will  be  seen  that  most  of  the  lakes  are  tributary.  About  Ij  pe  -^ 
cent  of  the  drainage  area  is  lake  surface.  Probably  fi  or  6  per  cen^ 
drains  into  nontribntary  lakes. 

The  surface  of  the  watershed  is  rolling.     Prairie,  swamp,  and  hillj"^ 
stretches  alternate  at  short  intervals.     Many  lakes  and  a  consider-  ' 
able  area  of  swamp    lands  have   been  made  to  yield  their  waters  ' 
directly  to  the  stream  through  drainage.^    To  what  extent  the  diminu- 
tion of  lake  aud  swamp  storage  and  of  forested  areas  for  the  pur- 
poses of  agriculture  has  been  detrimental  to  the  flow  of  the  stream 
and  to  its  value  for  water  power  can  only  be  inferred.     The  oldest 
mill  owners  and  water-power  users  strongly  maintain  that  the  river 
yields  less  power  than  formerly,  holding  that  the  flow  is  less  uniforni. 
and  the  volume  appreciably  smaller  than  in  pioneer  days, 

■  These  data  bare  been  obtslaed  cblefly  from  atlases  ol  the  varlons  counties. 

'The problem  of  ewsmp  drainage  baa  beea  careFally  atnJled.  Peiipermlut  and  celery  tjf 
largely  grown  on  drained  areaa.  Seo  Michigan  Engineer's  Annual;  Drainage  enginwring.  Uf 
B.C.CBri>enter:Proo.  MlcblgaQ  EDgineerlBB  Society,  1S81'.  PI).  4IM«;  Dralaage  of  large  manbP.'. 
by  C.  E.  HamJlUin:  Proc.  Uich.  Eng.  Boc.,  18S4,  pp.  15-lB;  Reclamation  of  swamp  lands,  bf 
O.  H,  Todd:  Proc.  Mlcb.  Eng.  Soc.,  ISM,  pp.  KT-M. 
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The  distribution  of  cultivated,  forest,  meadow,  and  swamp  areas 
in  the  watershed  is  as  follows :  ^ 

Character  of  watershed  of  Kalamazoo  River, 

Per  cent. 

Improved  tailed  land,  including  meadow  and  grass  in  rotation ._ 60 

Permanent  meadows,  pastures,  orchards,  etc 7 

Woodland  and  forest 11 

Undetermined,  including  waste  swamp,  lakes,  building  plats,  villages,  etc..  22 

Total 100 

The  character  of  the  vegetation  is  an  important  factor  in  determin- 
ing the  proportion  of  rainfall  on  a  watershed  which  reaches  the  stream 
as  run-off  during  the  summer  months.  The  distribution  of  the  prin- 
cipal crops  grown  and  the  number  of  inches  of  water  they  will 
require  on  the  entire  watershed  during  the  growing  season,  are  shown 
in  the  following  table : 

Distribution  of  crops  in  the  watershed  of  Kalamazoo  River, 


Crop. 

Entire 
watershed 
covered  In 

1880.0 

Water  re- 

qoired  dnr- 

ing  growing 

season,  b 

Water  re- 
quired on 
the  entire 
watershed. 

Wheat 

Percent, 
11.2 
8.0 
4.0 
8.8 
0.7 
1.7 
6.9 
10.0 

Inchea. 

10.8 

18.8 

16.6 

9.1 

4.6 

4.6 

20. 5 

C15.0 

Ineku, 

1.2 

1.1 

0.7 

0.8 

0.08 

0.08 

1.4 

1.5 

Com 

Oats 

Rve 

Potatoes 

Beans   _ 

Hay 

Gardens,  barley,  millet,  mint,  etc. . . 

a  From  Farm  Statistics  of  Michigan,  1896,  issued  by  the  secretary  of  state,  Lansing,  Michigan, 
^^96,  may  be  taken  as  an  ordinary  year. 

b  After  Bisler^s  data.  See  Report  of  State  Elngineer  and  Surveyor  of  New  York  for  1894, 
^.373-877. 

e  Average. 

The  length  of  the  growing  season  has  been  taken  as  one  hundred 
days,  including  the  months  of  June,  July,  and  August,  and  part  of 
September.  The  average  date  of  the  first  heavy  or  killing  frost  varies 
in  different  localites  of  the  watershed.  The  limiting  dates  will  usually 
be  between  September  25  and  October  10.  The  inches  of  water 
required  on  the  entire  watershed  has  been  obtained  by  multiplying 
the  depth  required  by  each  crop  by  the  percentage  of  the  whole  area 
covered.  Comparing  these  with  the  former  data  the  following  amounts 
are  obtained  as  the  water  requirements  of  vegetation  during  the  grow- 
ing season  of  an  ordinary  year. 

>  Deduced  from  acrettge  data  given  in  censns  of  Michigan,  1804,  Vol.  11,  Table  L 
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Luading  crops  on  tilled  area -. _ .... t$ 

Permaneiit  nteodoWB,  etc 1.1 

Woodland  and  forest,  11  perooatat  4  indhes 0>l 

Addforareaanototlierwiaeiiicladecl _ _ 3.0 

Total  depth  required  b;  regetatian ILl 

BADtTALL  AJID  MKTKOBOLOaT. 

In  order  to  obtain  the  true  mean  rainfall  of  the  watershed  it  vooU 
be  necessary  to  have  long  cont«mporaneous  records  at  stations  tmi- 
formly  distributed  throughout  the  region.  Rainfall  records  have 
been  maintained  within  the  Kalamazoo  watershed  at  the  stations,  and 
for  periods  shown  in  the  following  table.  Column  5  gives  the  avet^ 
yearly  rainfall  at  the  station  multiplied  by  the  percentage  of  the 
entire  watershed,  which  it  may  be  fairly  said  to  represent.  In  thiB 
way  the  mean  annual  rainfall  of  the  entire  watershed  is  found  to  be 
33.87  inches.  Toward  the  month  of  the  stream  the  depth  of  tbe 
annual  rainfall  increases  several  inches. 

Sait\fall  on  watershed  of  Kalamagoo  Biver.  (a) 


Ktnna). 

Ymn. 

s 

■sa" 

tionot 

oueDtm 

tlOtti 

Hanover 

1886-1896 

188&-1891 

1888-18B2 

1888-1892,  ]8ii6. 

1881-1892 

1889-1896 

1876-1880,1885, 
139&, 1890. 

1876-1896  

1890-1896 

32.89 
■28.54 
2S.39 
33.16 
35.70 
30.28 
39.18 

36.45 
86.76 

3.33 
4.16 
5.58 

12.33 
6.39 
3.75 

11.33 

20.40 

l.IO 
1.19 
1.63 
4.00 
2.2S 
1.14 
3.35 

7.« 

11.76 

i4.a 

3.8 
2.8 
4.S 
3.0 
4,3 
4.4 

4,0 
4.3 

PnUujki _. 

Olivet  _.  ._._ 

Mareball 

North  Marahall 

a  The  meteorological  di 
tor  Hlchlgui  weather  wi 
(•  Deduced  from  tho  Tea 


a  this  report  have  been  aoppUed  by  Hr.  C.  F.  Schneider,  dim 
rcordanue  with  the  theory  of  probablUUe*  by  Petera'sfonnDlt 


Inasmuch  as  the  rainfall  at  a  station  for  any  year  can  not  bo  less 
than  the  mean  by  an  amount  e.Tceeding  100  per  cent,  but  may  he 
more  than  200  per  cent  of  the  mean,  one  would  expect  to  And  alightly 
more  dry  years  than  wet  years  in  a  long  rainfall  record.  Out  of  eighty 
yearly  records  used  in  the  table,  thirty-nine  were  above  the  station 
means  and  forty-one  were  below.  The  twenty-one  year  record  at 
Kalamazoo  showed   twelve  years  below  and  nine  years  above  the 
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mean  The  fluctuation  from  the  mean  for  dry  years,  or,  in  other 
words,  the  severity  of  the  drought,  will  be  less  than  the  average 
fluctuation  from  the  mean  for  wet  years,  in  proportion  as  the  number 
of  dry  years  is  greater  than  the  number  of  wet  years.  The  variability 
or  probable  fluctuations  of  rainfall,  in  inches,  for  any  single  year 
above  or  below  the  mean  is  shown  in  column  6. 

The  best  record  of  rainfall  within  the  watershed  is  that  at  E^alama- 
zoo,  covering  twenty-one  years,  from  1876  to  1896,  inclusive.  The  dis- 
tribution of  the  monthly  rainfall  and  the  temperature  throughout  the 
year  at  Kalamazoo  are  shown  by  the  following  table.  The  heaviest 
rainfall  occurs  in  the  months  of  May  and  June,  but  that  in  August 
is  most  variable.  This  is  probably  due  to  the  prevalence  of  thunder- 
storms during  that  month,  which  is  also  a  month  of  high  mean 
temx>erature.  January  has  the  lowest  mean  temperature,  the  least 
precipitation,  and  the  least  variability. 

Monthly  rainfaU  and  temperature  at  Kalamazoo, 


Month. 


January 

February 

March 

April 

May 

June  _ 

July 

Angust 

September 

October 

November 

December 

For  the  year 


Mean 

monthly 

rainfall  and 

melted 

snow. 


Incket. 

2.40 
2.42 
2.08 
4.47 
4.58 
8.15 
2.79 
8.86 
2.76 
2.97 
2.70 


86.47 


2 

Propor- 
tion of  the 
mean 
yearly 
ralnfalL 


xTcr  cent, 
6.2 
6.6 
6.7 
7.2 
12.8 
12.6 
8.6 
7.6 
9.2 
7.5 
8.2 
7.8 


Probable 

flnctoation 

above  or 

below  the 

mean  for  a 

single  year. 


IncheB. 
0.63 
0.92 
1.01 
1.21 
1.02 
1.35 
1.15 
1.46 
1.31 
0.90 
0.88 
1.12 


4.03 


4 
Mean 
monthly 
tempera- 
ture at 


28.08 
25.45 
82.15 
46.95 
58.58 
68.85 
72.17 
69.64 
61.78 
50.84 
87.08 
28.19 


47.9 


a  1876  to  1886. 

The  data  in  the  above  table  accord  well  with  the  observed  character 
of  the  stream,  which  is  nsually  about  as  follows:  A  spring  freshet  in 
March  or  April  is  followed  by  medium  water  until  June.  Hiii:h  water 
often  occurs  for  a  few  days  after  heavy  rains  in  June,  and  sometimes 
also  in  August.  Low  water  in  later  July,  August,  and  September  is 
accompanied  by  a  depletion  of  stored  ground  water.  Gradual  increase 
in  the  flow  occurs  until  the  ground  becomes  frozen.    Winter  flow  is 


28      WATER  BEHOnRCES  OP  LOWER  PEKIN8ULA  OF  UICBIOAN.   [ira* 

iiniform  iiud  luoderiite,  unless  the  Htreani  i»  swelletl  by  sadden  mtJl' 
itig  of  snowfalls.  This  fre/juently  occnrs  in  January  or  Februa»y,i 
and  is  followed  by  moderate  high  water  until  the  spring  thaws.  • 

In  ao  far  as  the  met-eorological  records  at  the  differeut  station! 
witbiu  the  watershed  are  cod  t«mpo  ran  eons,  they  show  a  tendency  fat 
Uke  variatiuus  from  the  mean  rainfall  and  tfimperatnre  at  all  statiooi 
during  the  same  year.  The  i-egion  may  therefore  be  considered  fairly 
isoclimatic,  since  changes  afferting  any  large  portion  of  the  watershed 
will  in  general  simiJarly  affect  the  whole  region. 
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The  yearly  rainfall  record  at  Kalamazoo  is  shown  by  the  solid  line 
in  the  accompanying  diagram  (fig.  1).  It  will  be  seen  that  the  yeariy 
fluctuations  from  the  moaii  auniial  rainfall  jiro  poriodio  in  their  occnr- 
renfe.  Thi.'  ordinary  (.'yclo  consists  of  ii  [irimary  minimum  foUoweJ 
by  a  period  of  increase  fur  one  to  three  years,  and  terminales  ins 
primaiy  maximum  followed  by  a  period  of  decrease  for  four  or  five 
years.  This  latter  lias  a  secondary  superimposed  cycle  with  its  mini- 
mum and  maximum  u.fually  one  year  apart.  The  times  t>f  recurrence 
of  the  diEfercnt  phasci^  of  the  cycles  thus  fsir  observed  are  shown  in 
the  follo\ving  table : 

Pi'riuillp  riiinfall  at  Kalamazoo. 


Pbaae.                                          I 

' 

*          1          ' 

Primiiry  minimum      ' 

i8sa 

1885 

I88« 

18HT 

6 

1888 
1890 
1892 
181)  J 
7 

1866 

Secondary  miniumni      !         IWTH 

Secondary  inaxirauui _ .          ISSN 

1 

1 

A  fifth  minimum  may  be  expected  a1x>itt  IfOl. 

Rainfall  records  at  other  stations  within  the  watershed  do  pot  cover 
a  sufficient  number  of  years  to  determine  whether  there  is  a  sirailur 
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periodicity  in  the  rainfall  throughout  the  watershed,  nor  are  there 
gaging  data  at  hand  to  show  whether  a  corresponding  pc^riodic  deca- 
dence takes  place  in  the  stream  flow.     If  such  should  prove  to  be  the 
case,  the  fact  should  be  of  commercial  value  to  farmers  and  water- 
power  users.     The  existence  of  a  short  rainfall  cycle  following  such  a 
regular  periodic  law  is  worthy  of  remark.     Periodic  fluctuations  in 
rainfall  having  cycles  of  greater  length  than  the  above  have  been 
observed  at  various  places  in  this  country  and  abroad.     At  Sacra- 
mento, California,  a  forty-year  rainfall  record  exists  showing  a  six  or 
seven  year  cycle  as  at  Kalamazoo.^    Many  long  records  show  no  regu- 
larly recurring  cycles,  but  in  all  cases  which  the  writer  has  observed 
two  or  more  successive  dry  or  wet  years  occur  with  much  greater  fre- 
quency than  would  be  the  case  if  the  sequence  of  wet  or  dry  years 
^ere  purely  a  matter  of  mathematical  calculation.     As  a  safe  conclu- 
sion it  may  be  said  that  certain  meteorological  conditions  underlying 
'^infall  tend  to  recur  in  more  or  less  obscure  cycles.     It  seems  not 
^inprobable  that  the  causes  of  such  cycles  are  general  in  their  appli- 
^^^tion;  and  their  apparent  effects  in  many  instances  are  masked  by 
J^CDcal  or  secondary  conditions.     The  final  solution  of  the  problem  will 
l^ave  an  important  bearing  on  questions  relating  to  the  water  i*esonrce8 
^^1  any  region. 

RELATION  OF  LAKE  LEVEL  TO  RAINFALL. 

Observations  of  the  height  of  the  water  surface  of  Lake  Michigan 
^^ave  been  made  since  1800.  In  the  absence  of  longer  rainfall  records 
^^vithin  the  watershed  any  relation  that  may  be  found  to  exist  between 
^he  rainfall  and  the  lake  levels  will  be  helpful  in  studying  the  run- 
^C^ff.  The  different  kinds  of  fluctuations  to  which  the  water  level  of 
^he  lake  surface  is  subject  may  be  classified  in  relation  to  the  causes 
X)roducing  them,  as  follows: 

(1)  Small  tides,  which  at  Chicago  the  United  States  Lake  Survey 
:Jound  to  have  an  amplitude  of  1^  inches  for  neap  tide  to  3  inches  for 
spring  tide. 

(2)  "Seiches,"  so  called,  similar  to  those  observed  on  Swiss  lakes, 
and  not  thus  far  satisfactorily  explained.  They  consist  of  small  waves 
or  pulsations  having  an  interval  of  about  ten  minutes  from  impulse 
to  impulse  and  apparently  recurring  without  cessation. 

(3)  Temporary  fluctuations,  due  to  the  wind.  Colonel  Whittlesey 
states  that  on  August  18,  1848,  a  gale  from  the  northeast  reduced 
the  water  level  at  Buffalo  15^  feet  lower  than  on  October  18,  1894, 
the  time  of  a  terrible  gale  from  the  southwest. 

(4)  Annual  variations,  caused  chiefly  by  differences  of  temperature 
and  evaporation  and  by  the  melting  of  snow  and  ice.  On  Lake 
Michigan  low  water  usually  occurs  in  November  and  March.  The 
highest  water  occurs  in  June  and  July. 

>  See  climate,  soil,  characteristics  and  irrigation  methods  in  California,  by  Charles  W*  Irish: 
Yearbook  U.  8.  Dept.  Agria,  1806. 
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(6)  Secular  variations,  covering  periods  of  several  years,  depeodent  1 
n  rainfall  and  meteorologica]  conditions.  The  length  of  the  periods 
I  irregular  and  the  times  of  recurreDO«  of  maximum  and  minimuu 
ihases  can  not  be  predicted  closely.  Knowing  the  mean  annoal  levels 
or  a  series  of  years  we  may  expect  a  similar  series  in  the  fnture.  but 
rlth  the  times  of  the  different  phases  very  different.  The  number  of 
lazima  and  minima  within  a  given  interval  of  years  will,  however. 
le  nearly  uniform  for  long  series.' 

On  the  accompanying  diagram  (fig.  1)  the  height,  in  feet,  of  tho 
rater  surface  of  Lake  Michigan,  above  or  below  the  mean  level  (viz, 
81  feet  above  tide)  is  shown,  by  a  broken  line,  for  a  period  of  twenty— 
ne  years,  1876  to  1896,  inclusive.  It  will  be  noticed  that  the  lak^ 
avels  are  subject  to  a  much  greater  relative  fluctuation  than  is  th^ 
ainfall.  The  two  curves  follow  each  other  somewhat  closely,  althouglB, 
he  periods  are  longer  and  more  eontinaous  for  the  lake  levels.  Th» 
ear  1896  is  exceptional  in  that  it  shows  the  lowest  lake  level  recorded, 
rhile  it  waij  the  year  having  the  highest  recorded  rainfall  at  all  stations 
nthin  the  watershed  except  Kalamazoo,  where  it  was  third  in  rank  for 
wenty-one  years.  There  is  reason  t«  believe  that  the  level  of  Lake 
Michigan  and  the  rainfall  and  the  run-off  of  the  watershed  areeovari- 
iBts.  Exceptional  years  can  be  ascribed  to  high  summer  temperature, 
iroducing  luxuriant  vegetation  and  excessive  evaporation,  so  that  lit- 
lo  rainfall  appears  as  run-off,  or  else  the  distribution  of  the  rainfall 
hrough  the  year  may  be  unfavorable  to  its  reaching  the  streams  and 
take  as  run-off.  The  former  was  apparently  the  case  in  1896.  Care- 
ful inquiry  from  power  users  showed  that  within  the  Kalamazoo 
watershed  there  was  a  much  greater  shortage  of  water  in  the  river  in 
1896  than  in  1897,  a  year  of  considerably  lower  rainfall  and  mean 
temperature  during  the  summer  months.  The  mean  rainfall  at  six 
stations  in  the  watershed  in  1896  was  41.9  inches,  or  8  inches  above 
the  average. 

EtJN-OFF,  HAINFALL,  AND  WATER  POWBR. 

In  studying  stream  flow  it  should  be  borne  in  mind  that  the  amount 
of  rainfall  appearing  as  run-off  in  a  given  year  is  the  resultant  of  a 
large  number  of  more  or  lesi*  independent  influences.  Conditions 
may  so  combine  that  those  factors  which  would  ordinarily  be  in  the 
background  will  in  some  instances  become  the  controlling  elements. 
Few,  if  any,  rules  without  exceptions  can  be  laid  down,  and  each 
stream  must  be  studied  separately  in  all  its  relations. 

>  Tbe  foUowiog  references  have  been  consalted  in  relntion  to  lake  levels: 

(a)  Chart  ol  PlactaaUooa  in  the  Level  o!  tbo  Oreat  Lakes,  by  Cba^le^<  Croeman,  Ullwaukee, 

(*)  CUmato  ottbe  Lake  region,  by  BolaHobbardi  Pop.  Set  Monthly,  Jaonarr.  1888. 

(c)  WalBrBopply  of  western  division  of  Erie  Canal,  by  OeorBe  W.  Bstl*r:  Report  Rut* 
Engineer  and  Sarvryor  of  New  York,  1SS6. 

(d)  Report  Uolted  States  Deep  Waterways  Commission:  Washington.  18M. 

(e)  Boports  of  Chief  of  Engineers,  U,  8,  Army. 
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ilie  following  table  shows  the  discharge  of  the  Kalamazoo  water- 
ed corresponding  to  different  percentages  of  the  mean  annual  rain- 
1  appearing  as  mn-off  in  the  stream : 

Relation  between  run-off  and  discharge  of  Kalamazoo  River, 


Proportion  of  mean 
annual  rainfall  ap- 
pearing as  mn-off. 

Depth  of  mn-off  on 
entire  watershed. 

Mean  discharge  of 
the  stream. 

Percent. 
110 
100 

90 

80 

70 

60 

60 

40 

Incke9. 
87.26 
88.87 
80.48 
27.09 
28.7 
20.81 
16.92 
12.58 

Second-feet. 
4,808.2 
4, 866. 5 

8. 929. 8 
8, 498. 1 
8,056.5 

2. 619. 9 
2, 188. 8 
1,646.7 

rhe  discharge  of  the  Kalamazoo  River  was  measured  at  a  number 
points  along  the  stream  during  the  spring  high  water  of  March,  1898. 

Discharge  of  the  Kalamazoo  River  at  the  Marengo  dam,  March  tS,  1898. 

nr  oyer  dam  and  wasteweir second-feet..  456.8 

artod  for  power  pTupoeee do 118. 

Total  discharge do 569.8 

inage  area  above  dam square  miles..  261. 

charge  per  square  mile second-feet..      2.18 

"he  depth  of  water  flowing  over  the  crest  of  the  dam  on  March  23 
\  15  inches.  The  height  for  maximum  flow,  which  occurred  on 
rch  22  and  lasted  only  a  few  hours,  was  24  inches.  This  would 
e  corresponded  to  a  total  discharge  of  about  930  cubic  feet  per 
>nd,  or  3.5  cubic  feet  per  second  per  square  mile  of  drainage.  We 
Y  compare  this  flow  with  that  of  Boardman  River  at  Traverse 
Yf  a  stream  having  a  drainage  area  of  295  square  miles.  The  river 
\  measured  on  April  10,  1897,  by  Mr.  6eorge  W.  Rafter,  and  was 
iat  time  carrying  about  300  cubic  feet  per  second,  or  slightly  over 
ibic  foot  per  second  per  square  mile.  Mr.  Rafter  shows  that  the 
r  of  Boardman  River  undoubtedly  may  be  as  low  as  100  cubic  feet 
second  for  two  successive  months,  and  that  it  may  not  yield  more 
n  75  cubic  feet  per  second,  or  about  one-fourth  of  a  cubic  foot  per 
ond  per  square  mile,  for  a  period  of  a  few  days.^ 

rater  Supply  of  Trarerse  City,  Michigan,  by  George  W.  Batter  and  F.  H.  Northmp,  city 
Deer,lW7. 


fS2      WATER  BK80UBCK8  OP  LOWER  FENIHSUIJl  Of  MICUJGAS-    l»f» 
Di»eharseofniaCTedeatSI<tni>aa.Mititigan.3f€tTth!f,  i-^'.  I  mOeaboctpaM 
ttfeonjbinux  tnth  Katamaxvo  Rirtr. 
■  DUchnr^  ov«r  dam _-   -_ 8ocond-feet__   8. 

Diverted  for  water  power -- -do —  IK- 

'Trihatary drainage    _ BqiuareinilM..   W. 

iMBchargeperBcinare  mile __ Beoond-feet..     1,S 

I  Diacharge  of  BatlU  Crmk  at  BatOe  Om*.  M&Aigan.  March  Si,  1B98. 

Discharge  over  dam __ _.oocond-feet. .  2.11! 

i  Diverted  for  water  powOT-. ,_ _.- do —    '5.1 

I  Total  diacbarge do.,.,  m; 

j  Trlbntar;^  drainage. _ - ...aqnaroinaleB-.  ISO. 

I  Discharge  per  sqaare  mile  ._ eecond-feet. .     1.8 

I  The  discharge  a  day  or  two  previous  was  somewhat  greater,  althoBgli 
J  at  that  time  there  was  an  extensive  flood  on  the  flats  between  the  point 
1  of  measurement  and  the  confluence  of  Battle  Creek  with  Kuiamiuoa 
t  River. 

Discharge  of  Kalanuitoo  Siver  at  Battle  Crctk  dam  March  H,  ISM. 

f  Diacbarge  over  dam second-feet..     W8.1 

f  DivorMd  for  water  power do *S8.3 

,  Total  diecbarge do 1.107.8 

f  Tributary  <'>'"i°aK«  area agosremilee..      SlO.l 

Dbcharge  per  square  mile _ second-feet..        HI 


^  Combining  the  two  preceding  measurements  we  get  1,436.6  cobic 
feet  per  second  for  the  discharge  of  Battle  Creek  and  Kalamazoo  Hiver 
at  Battle  Creek.  This,  with  a  total  tributary  drainage  are«  of  890.1 
siinurd  miles,  gives  2.08  cubic  feet  per  secnnd  as  the  diseharge  pfr 
square  mile  of  drainage  area. 

Discharge  of  Kalamazoo  River  at  Otsego,  Mareh  ^6.  AS'W. 

Discharge  over  dam... second-feet..      ;34.S 

Diverted  for  water  power do....  1,6BS.I 

Total  discharge _ __ do  .  .  1,903,9 

Tributary  drainage  area _ .square  miles.     1.600.0 

Disiharge  iM,r  s<mare  mile _._ .eecond-feet   .         1-^ 

ror  puriH«*es  of  comparison  a  measurement  of  Grand  River  n'ai 
made  «t  the  North  lousing  dam. 

I*i^harifi-  of  Grand  Rirtr  at  Xorth  Lan«i„g  dam  April  !■.  1S5S.' 

Dtv^rt.Hl  for  wi,t,>r-ix>wer  purposes do..  m. 

Total  diw-lmrgP do  i  ■•0' 

Sbl™'*'* '"''"'"•" '*"^'^"~ ::"-:::-::::sqaaremiies:  i.m. 

This'"'*''"'" -...  aecond-feet..  l.O: 

eiv  t'^r^T  "'  "  """'"'^  uuHlium  water  when  the  depth  of  water  on  tli.- 
■    *"  'J^;;_^'  v^-as  but  Uj  inches-     At  the  time  of  maximum  hij-'h 


uam.) 
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water  in  later  March  the  depth  of  water  on  the  crest  of  the  dam  was 
shown  by  the  water  marks  to  have  been  29  inches.  This  woald  cor- 
respond to  a  total  discharge  of  about  2,365  cubic  feet  per  second,  or 
2.0  cubic  feet  per  second  per  square  mile  of  drainage  area. 

The  preceding  measurements,  made  at  different  points  along  the 
stream  at  nearly  the  same  time,  show  about  the  flow  that  may  be 
exi)ected  in  Kalamazoo  River  at  ordinary  high  water.  The  flow  per 
square  mile  apparently  gradually  decreases  as  the  tributary  area 
increases.  The  low  flow  of  Battle  Creek  may  be  due  to  a  large  pro- 
portionate area  of  lake  storage,  gathering  the  flood  waters  to  be  yielded 
as  run-off  at  a  later  period. 

The  high-water  flow  exhibited  by  the  gagings  was  preceded  by  heavy 
rainfalls  and  high  temperature,  as  shown  at  several  stations,  within 
the  watershed,  in  the  accompanying  table : 

Meteorological  conditions  at  stations  on  Kalamazoo  River ^  March,  1898, 


Olivet 

Hanover 

North  Marshall 
Battle  Creek  ... 

Kalamazoo 

Hastings 


No  snow  fell  during  the  month.  On  March  1  the  ground  was  cov- 
ered with  about  0  inches  of  {lacked  snow.  This  melted  rapidly,  and, 
as  the  ground  was  frozen,  appeared  almost  entirely  as  run-off  during 
the  month. 

IBB  30 3 


S4      WATER  RKSOUECES  OF  LOWER  PENINSULA  OF  WICHIOAS. 
Depth  of  jtwjiB  on  gnmnd  at  xtatUmB  <m  Kaiamaxoo  River,  MartA,  1898 

(0) 

8[«H™.                             |Miir.l.|M.r.i, 

uu.a 

Har.i. 

M«.  S- 

9.0 

11.0 
5.0 

la.o 

8.0 

8.0 
10.0 

6.0 
13.0 

e.o 

T.O 
8.0 
4.0 
13.0 

7.0 

e.o 

7.0 
3.0 
10. 0 
6.0 

Indm 

0.0 

Kalamazoo 

10.0 
5.0 

Average  depth 

Average  dally  meltliig. . 

9.0 

8.6 
0.4 

7.e 

1.0 

6.4 

i.a 

8.6 
0.8 

— 

Hu.O. 

Hu.I. 

IUr.& 

Uar.B. 

Uu.ia. 

1.0 

8.0 

ft*. 

ft*. 

1.0 

0.0 

Battle  Creek 

0.5 
B.0 
4.0 

0.0 
0.6 
3.G 

Nona 
1.0 

Haatinga ..  _.. 

Trace 

4.8 
1.8 

3.0 

0.8 
1.8 

ATsraga  daUy  melttDg.. 

lAtlDDW 

ofOMh 

a«y. 

There  are  no  precise  data  at  }miKl  iplativo  to  the  low-water  flow  of 
the  river.  By  careful  iiuniiry  fiom  power  users  it  was  found  that  in 
nearly  all  cases  a  shortatje  of  water  occurs  for  from  two  to  six  week^ 
in  the  months  of  July,  August,  anil  Scpteuil>er.  At  such  times  tin' 
flow  is  insufficient  to  .supply  the  water  wheels  now  in  u.se  to  their  fill! 
capacity,  and  is  less  thanthe  amount  of  water  shown  as  beingdiverteil 
for  power  purposes  at  the  time  the  measui-ements  were  made.  Thi> 
would  be  expected  from  the  i-ainfall  i-ecoi-ds.  The  followinj;  tabli' 
shows  the  htwest  reconled  yearly  rainfall  at  stations  in  the  watershed. 
As  the  minimum  observed  rainfall  at  a  station  decreases  as  the  length 
of  the  record  is  extended,  years  may  Iks  expected  to  occur  in  whtcli 
the  rainfall  will  not  exceed  (hat  at  Kalamazoo  in  18!i4,  or  71.3  per 
cent  of  the  mean,  as  shown  in  the  table.  Thi.'^  wonlil  be  2.i.4-:)  iuchw 
for  the  entire  waterahed,  usiiifr  our  previously  derived  mean  of  :!3.s7 
inches.  For  the  years  1888  and  lS8it  the  total  rainfall  at  Kalamazix' 
was  but  60.53  inches.  The  rainfall  for  August  frequently  falls  below 
0.1  inch,  and  in  1889  the  combined  rainfall  for  July,  Au;;u.st,  and 
September  was  but  ;i.8Jt  inches.  If  the  (low  from  full  ground  water 
were  2  inches  a  month  it  would  undoubtedly  have  been  depleted 
in  such  a  dron^ht  so  as  not  to  exceed  three-fourths  of  an  inch  in 
n  month.     As  little  or  no  rainfall  reached  the  stream  directly,  the 
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off  in  the  sninmer  of  1889  mast  have  fallen  as  low  at  least  as  0.7 
c  foot  per  second  per  square  mile. 

Years  of  least  recorded  rainfall  at  statioiM  on  Kalamazoo  River, 


station. 


Num- 
ber of 

rooord. 


Pulaski 

Concord 

Allegan 

Battle  Creek... 
North  Marshall 

Hanover 

Marshall 

Kalamazoo 


4 
0 
7 
8 
8 
9 
tl 
21 


Tear  of 

least 
rainfall. 

RainfaU 

in  lowest 

years. 

InchtB. 

1889 

24.20 

1888 

24.17 

18^5 

26.95 

1879 

20.20 

1894 

22.73 

1888 

25.30 

1889 

28.1 

1894 

26.07 

Per  cent 
of  mean 

annual 
rainfall 

at  sta- 
tion. 


86.0 
81.8 
75.8 
74.8 
75.0 
76.9 
78.7 
71.5 


HIQH  WATER  AT  KALAMAZOO. 

he  extent  and  duration  of  high  water  at  Ealamasoo  is  shown  by 
following  data  relative  to  the  height  of  the  river  surface  during 
is  at  that  place.  At  the  township  line,  2  miles  below  the  city  of 
atmazoo,  the  elevation  of  the  bottom  of  the  river  bed  is  the  same 
t  the  Gull  street  bridge  within  the  city,  there  being  practically  no 
in  the  river  in  that  distance.  As  a  result,  the  current  is  extremely 
gish,  and  a  portion  of  the  city  is  subject  to  frequent  floods.  The 
jk-covered  river  flats  within  the  city  are  extensively  devoted  to 
cultivation  of  celery.  The  annual  spring  flood  is  productive  of 
e  damage,  but  when  floods  occur  during  the  summer  months  they 
lit  in  a  heavy  loss  to  the  celery  growers  and  also  tend  to  produce 
A  sanitary  condition,  lasting  for  some  time, 
he  following  table  gives  the  elevation  of  the  river  surface  in  feet 
^e  the  city  datum  plane.  The  elevation  of  the  water  surface  at 
nean  stage  is  67  feet.  The  measurements  at  East  avenue  bridge 
at  the  point  of  confluence  of  Portage  Creek  with  Kalamazoo  River. 
se  at  Gull  street  bridge  are  below  that  point. 


36      WATER  HKSOUBGES  OF  LOWER  PENINSULA  OF  MICttlGAH. 
Ob«ervmHOM  of  high  water  al  Kaiamatoo.  la) 


v„ 

U»te. 

!3»v«llon. 

net. 

1888.... 

Jnnea8.Bp.m -        , 

71.66 

At  East  avwioe  bridge. 

JanB  38,  7.30  ft.  m    

73.35 

72.7* 
72.90 

Jane  80,  1  p.  m 

.lone  30,  6.80  p.  m 

73.08 

JtUyl,8B.m    

73.86 

July  l,8p.m 

78, 5B 

jTilya,7a.m 

78.71 

Jaly».lp.m 

78.71 

JnlylS 

67.88 

68.  OB 

«7  5S 

AtGnnBtteetbriage. 

August  0 

68.20 

6S,!)9 

Aagnst  10 _ 

68.  ."lO 

1807     .. 

March  12,  1.20  p.  m  . 

71.34 

At  Ea8t  avenue  bridge. 

March  ia,6p.  la  .       

71,48 

March  13,-a.m      _. 

TI.S4 

March  13, 1.20  p.m.. 

73.111 

March  I3.«p.  m  .     .   

78.34 

March  14,  t  p.  m       

72, 1)4 

March  15,  7  a.  m      

71.54 

1«0H.... 

March  14 

71.35 

(At  East  avenue  bridge 

March  l.l 

71.no 

1    dnring  n'rinif  flooil. 

CI  Those  rJala  were 
uzoo.    Data  (or  1^ 

b  HtgbBHt  »at«r  rei 
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The  fall  aud  slope  of  the  river  is  shown  by  the  accompauyiug  table. 
n  comparison  with  this  the  next  table  (on  page  38)  shows  the  number 
I  feet  of  fall  used  for  water  power  at  dams  on  the  main  river.  Ont 
I  a  total  fall  of  338  feet  from  Albion  to  Saugatuck,  76  feet  is  now 
sed  for  the  production  of  power.  The  aggregate  rated  power  of  the 
'ater  wheels  in  use  on  the  main  river  is  between  4,000  and  5,000  horse- 
ower.  This  includes  18  flouring  and  5  paper  mills,  besides  planing 
lills,  machine  shops,  municipal  waterworks,  etc.  There  are  also  20 
ams  on  tributaries  with  a  developed  water  power,  so  far  as  it  could 
«  ascertained,  of  1,500  horsepower. 

Fall  and  slope  of  Kalamazoo  River, ' 


! 
Portion  of  river. 

DistADoe  along 
river. 

Total  faU. 

Mean  slope  per 
mile. 

Albion  to  Marshall 

12.25 
18.25 
28.87 
19.78 
82.00 
101. 10 

FVet. 

52 

70 

48 

57 

116 

888 

Feet 
4.22 

5.26 

1.84 

8.00 

8.55 

8.84 

Marshall  to  Battle  Creek 

Battle  Creek  to  Kalamazoo . . . 

Kalamazoo  to  Allegan 

Allegan  to  Saugatook 

Albion  to  Sangatnck 

As  has  been  shown,  the  capacity  of  water  wheels  now  in  use  is  fully 
I  great  as  the  flow  of  the  stream  will  warrant  without  the  constrac- 
on  of  new  dams.  Viewed  from  an  economic  standpoint  the  water 
Dwer  of  the  stream  can  not  be  greatly  increased  over  the  present 
3velopment  unless  some  method  of  flow  regulation  and  conservation 
!  the  flood  waters  be  put  in  operation. 


'  The  fall  has  been  deduced  from  railroad  profiles.    See  topofO'^phy  and  climate  of  Liower 
iehl«aii.  Report  Michigan  State  Board  of  Health,  187& 


iS      WATER  BESOIIBCES  OF  LOWER  PENINSULA  OP  HICHIOAK 
Water  power  developed  on  Kaiatnatoo  River. 


l.astlon  of  duu. 

UMd 

Ml. 

Nel  hoTM- 

■OK 

nil. 

North  Bnmch  at  Hottoo 

10 

55 

North  Branch  iit  Concord 

118 

North  Branch  at  Bath  MiUa  -  - . . 

3S 

Soath  Branch  at  MoahervlUe  . . . 

14 

SO 

South  Branch  at  Homer. 

314 

Sonth  Branch  at  North  Homer . . 

n 

IS 

SOS 

Main  Kivpr  at  Marengo 

lie 

Main  River  at  Ceresco 

38B 

Main  River  at  Battle  Creek  .     . 

12 

460 

Main  River  at  Plainwell 

16 

786 

Main  River  at  Oteego 

13 

1,736 

Main  River  at  AUegftn 

8 

WATER   POWER   OF   HURON    BTVKR.' 

Huron  River  rises  in  the  town  of  Clarkstou,  Oakland  Coanty,  Miek- 
igan,  and  runs  HoiithweHt  into  Livingston  Connty,  draining  many  lakes 
in  Oakland  County.  The  chief  of  these  are  White,  Union,  Upper 
Straits,  Lower  Straits,  Pine,  and  Spring  lakes,  averaging  one-half  to 
1  square  mile  in  area.  In  the  southeast  part  of  Livingston  Couuiy 
it  takes  the  waters  of  four  lakes,  viz,  First  Base  Lake,  Second  Base 
Lake,  Strawberry  Lake,  and  Portage  Lake,  varying  from  1  to  2  square 
miles  in  area.  Portage  Lake  is  the  lai-gest  and  also  the  lowest  donu 
the  valley.  It  is  3  or  4  miles  long  and  averages  about  half  a  mile 
in  width.  It  is  fed  by  Portage  River,  wliieh  itself  drains  t-en  lakes  of 
small  size.  From  there  the  Huron  flows  northeast,  then  southeast 
again,  and  enters  Lake  Erie  just  below  the  mouth  of  Detroit  River. 
The  total  drainage  area  is  950  B<niare  miles. 

The  country  is  flat  or  rolling,  with  a  glacial  drift  of  clay,  sand,  and 
gravel,  well  adapted  to  the  raising  of  wlieat,  which  is  the  staple  and 
which  gi\'es  work  to  many  flouring  mills.  The  river  was  declared 
na^-igable  by  Congress.  Once  a  flatlioat  for  freighting  ran  from 
Ypsilanti  30  miles  to  the  mouth,  but  its  use  was  discontinued  on  tlie 
advent  of  railroads.  There  was  too  little  water  for  navigation,  and 
the  dams  interfered.  Boats  run  up  to  Rockwood,  4  or  5  miles  up,  ou 
the  line  of  the  Lake  Shore  and  Michigan  Southern  Railroad. 

No  lumbering  is  done,  and  the  stream  is  devoted  to  manu  fact  u  Tins, 
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for  which  it  is  peoaliarly  suited.  It  has  a  fall  averaging  5  feet  a  mile, 
and  this  near  its  mouth.  It  is  on  the  line  of  several  railroads,  and, 
o-wing  to  adjacent  lakes,  the  storage  capacity  is  large  and  its  flow  more 
regular  than  that  of  various  other  rivers  in  the  country-.  The  banks 
of  the  river  are  usually  from  9  to  12  feet  high,  and  hence  ponds  do  not 
spread.  The  bed  and  banks  are  usually  hard  clay,  or  a  sort  of  con- 
glomerate of  clay,  gravel,  and  stone  (till).  There  is  no  rock  bed 
except  at  Flat  Rock,  the  first  fall  above  the  mouth. 

The  course  is  extremely  winding.  The  Michigan  Central  Railroad 
I'nns  along  the  river  17  miles  from  Ypsilanti  to  Dexter,  and  in  that 
distance  crosses  it  sixteen  times.  The  bulk  of  the  manufacturing  is 
feetween  Dexter  and  Ypsilanti,  on  the  line  of  the  Michigan  Central 
liailroad. 

At  Ypsilanti  the  average  breadth  is  1(X)  feet,  the  average  depth  1^ 
:f  eet,  and  the  maximum  depth  about  5  feet.     The  ordinary  low-water 
flow,  calculated  from  the  estimated  horsepower,  is  220  cubic  feet  per 
second,  or  0. 23  cubic  foot  per  second  per  square  mile  of  drainage  area. 
The  available  power  under  10  feet  head  at  ordinary  low  water  is  from 
225  to  250  horsepower.     There  is  no  difficulty  from  floating  ice.     A 
xnill  using  the  full  average  power  of  the  stream  can  run  at  full  capac- 
ity ten  months  of  the  year,  and  during  August  and  September  at  half 
capacity.     The  river  has  no  large  tributaries  below  the  lakes,  and 
lience  the  power  for  a  given  fall  is  nearly  the  same  in  the  upper  and 
in  the  lower  part. 

DEVELOPED  POWER. 

Most  of  the  mills  are  between  Dexter  and  Ypsilanti,  a  distance  of  17 
miles.  Above  Dexter  and  below  Portage  Lake  are  the  Hudson  and  the 
Dover  mills.     Below  Ypsilanti  are  mills  at  Rawsonville,  Belleville,  etc. 

Three  forms  of  dam  are  in  use:  (1)  The  pile  dam,  a  common  form. 
A  typical  specimen  is  one  belonging  to  the  Ypsilanti  Paper  Company. 
Piles  were  driven  (>  feet  between  centers,  both  across  and  down  the 
stream,  covering  a  strip  50  feet  wide  across  the  channel.  The  ends 
were  then  cut,  so  that  taken  together  their  surface  formed  two  planes, 
meeting  at  the  center  line  of  the  dam,  like  a  roof.  The  space  between 
the  piles  was  filled  in  with  stone  and  the  top  x)lanked  over.  A  plank 
apron  was  built  on  the  lower  side.  (2)  The  crib- work  dam — ordinary 
timber  cribs,  filled  with  stone  and  planked  over.  (3)  The  frame  dam, 
used  at  the  Dover  mills.  A  triangular  frame  was  built  and  planked 
over  and  stone  thrown  under;  a  plank  apron  was  built  on  the  lower 
side,  and  gravel  thrown  in  on  the  upper  side.  So  far  as  ascertained, 
there  have  been  no  instances  of  the  breaking  away  of  dams. 

At  Flat  Rock,  7  or  8  miles  above  the  mouth  of  the  river,  is  the  first 
IK)wer.     There  is  about  100  horsepower  available. 

At  New  Boston  and  at  Belleville  powers  are  being  developed. 
There  are  two  flouring  mills  at  Belleville.  The  banks  are  high  and 
well  adapted  to  ponding. 
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At  Rawsonville  is  a  flouring  mill  with  7  feet  head.  There  is  160  to 
,75  horsepower  available. 

Ypsilanti  is  the  chief  manufacturing  c^entor  on  the  river.  There 
A-e  three  p»per  mills,  two  flouring  mills,  a  woolen  mill,  and  a  small 
iiistom  sawmill,  also  a  low  dam  in  uonnection  with  the  city  water- 
Forks.  The  banks  are  from  (t  t^i  12  feet  high,  and  ponds  do  not 
pread.  There  are  three  dams,  about  one-half  Ut  three-fourths  of  a 
nile  apart,  aud  no  fall  is  wasted.  The  bed  is  hanl  clay.  The  MicU* 
[an  Central  Railroad  runs  up  the  valley  from  this  point,  and  freigbt 
Ikoilities  are  good. 

I  The  lower  pond  has  7  feet  available  fall  and  176  available  hora^ 
wwer.  There  is  a  pile  dam  190  feet  long.  The  average  breadth  of 
he  pond  is  about  150  feet  and  the  length  half  a  mile.  The  power  is 
itilizedbythe  Ypsilanti  Paper  Company's  mill.  The  middle  pond  b« 
i  feet  available  head  and  125  available  horsepower.  The  oulymlU  »i 
he  power  is  tlie  Huron  flouring  mill,  which  uses  on  the  average  76 
lorsepower.  There  is  a  pile  dam  fi  to  'i  feet  high  aud  100  feet  lonjt. 
The  pond  is  from  150  to  200  feet  broad  and  half  a  mile  long.  The 
ipper  pond  is  ownied  by  the  City  flouring  mill  and  the  woolen  mill, 
ind  feeds  then>  aud  also  a  small  sawmill  fed  from  the  race  of  tic 
louring  mill.  The  fall  at  the  dam  is  t<  feet  and  the  available  power 
s  225  horsepower.  The  dam  is  from  120  to  130  feet  long,  the  area  of 
he  pond  35  aures,  and  the  depth  5  or  6  feet;  the  dam  does  not  spread 
nueh.  The  woolen  mill  uses  42  horsepower.  The  flouring  mill, 
situated  on  a  race,  has  1  foot  additional  fall,  making  the  total  fall  V 
feet;  it  uses  100  horsepower.  The  Bawuiill,  wln.-ii  nmning,  iiso.salmui 
10  horsepower. 

Thi'  mills  of  the  Peninsula  Paper  t'iimi)any  are  situated  ai  a  poud 
a  short  distance  above  Ypsilanti,  and  have  'AW  available  hor^epuwer. 
The  largest  power  on  the  river  is  at  Lowell,  and  it  is  iise<i  by  tli« 
Tpsilauti  Paper  Company.  The  available  head  is  IG  feet,  aii<l  Wl 
h<jraepower  is  available.  The  pile  dam  has  been  described;  its  length 
is  liifi  feet.     The  area  of  the  pond  is  30  or  33  acres. 

At  Ann  Arbor,  7  or  8  miles  above  Ypsilanti,  there  is  a  level  with  it 
head  of  1 0  feet  and  250  available  horeepuwer.  The  dam  is  h  pile  ditiu 
200  feet  long,  which  is  utilized  by  the  Ypsilanti  Paper  Compaiiy'" 
miJI.  Above  it  is  another  ievel  with  The  same  head  and  power.  -\ 
woolen  mill,  a  flouring  mill,  aud  a  sawmill  are  fed  fi-om  this  pciinl 
using  altogether  100  horsepower.     The  dam  is  140  feet  long. 

At  Foster's  station,  3  miles  from  Ann  Arbor,  there  is  a  fall  of  ',i  ftft. 
all  of  which  is  iitilized  by  a  paper  mill  taking  100  hoi'sepower  ;ind  a 
woolen  mill  taking  58  horsepower.  The  jiower  is  estimat^^d  al  'M> 
horsepower  for  six  months  of  the  year. 

At  Delhi  there  are  twi»  flouring  mills,  a  woolen  mill,  and  a  .sawmill, 
all  usiug  water  fi'om  the  same  level.  There  is  7  feet  head  and  IW 
available  hoi-sepower.     Usually  all  the  mills  cau  ruu  at  once.     The 
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.  of  crib  work,  150  feet  long.     The  Scio  flouring  mills  are  above 

and  have  8  feet  fall,  with  140  available  horsepower.     The  dam 

rib  work,  100  feet  long. 

ber  has  a  flouring  mill,  a  woolen  mill,  and  a  sawmill,  all  run 

he  same  level.     The  available  head  is  5  feet.     The  dam  is  of 

ork,  75  feet  long. 

ve  Dexter  are  the  Hudson  mills,  with  5  feet  head  and  75  horse- 

— a  crib-work  dam  100  feet  long, — ^and  the  Dover  mills,  with  7 

ead  and  100  horsepower — a  frame  dam  100  feet  long.     The 

above  Ann  Arbor  average  from  120  to  180  feet  wide  and  one- 

ile  to  2  miles  long.     There  are  no  important  powers  above. 

UNDEVELOPED  POWER. 

re  are  a  few  undeveloped  powers.  Three  miles  below  Ypsilanti 
of  300  horsepower,  which  has  not  been  used,  because  the  pond 
spread  over  valuable  farming  lands  and  because  the  location  is 
ar  the  railroad.  One  mile  below  Ann  Arbor  is  a  power  with  4 
Bt  fall,  unimproved,  giving  from  100  to  125  horsepower.  It  is 
line  of  the  railroad.  The  small  power,  compared  with  the  cost 
rovement  and  lack  of  demand  for  it,  is  the  apparent  reason  it 
t  been  improved.  One  and  one-half  miles  above  Ann  Arbor  is 
)f  10  feet,  unimproved.  Nearly  300  horsepower  is  wasted.  It 
ed  formerly  by  a  sawmill,  now  burned  down.  It  is  on  the  line 
•oad  and  awaits  improvement. 

WATER  POWER  OP  RAISIN  RIVER. 

North  Branch  rises  in  Jackson  County,  and  the  South  Branch 
northwestern  corner  of  Ohio.  They  unite  east  of  the  center  of 
ee  County  and  flow  into  Lake  Erie.  The  drainage  area  is  1,162 
miles.  Near  the  mouth  it  is  200  or  300  feet  wide,  but  in  ordi- 
ater  it  is  only  from  6  to  12  inches  deep,  with  a  sluggish  cur- 
At  Adrian  it  is  a  small  stream,  25  or  30  feet  wide,  with  a 
ite  current,  about  1  foot  deep.  There  are  several  small  mills 
river,  but  no  power  of  importance. 

USES    WHERE    QUALITY    IS    IMPORTANT. 
USE  FOR  DRINKING. 
INORGANIC  IMPURITIES. 

uses  of  water  where  the  quantity  required  is  not  excessive  and 
Uy  readily  obtained,  but  where  the  proper  quality  is  important 
not  so  easily  maintained,  will  now  be  considered.  Impurities 
bwo  kinds,  organic  and  inorganic.  Under  the  first  head  are 
[  sewage,  swamp  contaminations,  ammonia,  and  bacteria.  Salt, 
inorganic,  has  often  been  considered  an  indication  of  the  pres- 
OTganio  contamination.  But  in  the  district  under  consideration 
btme,  and  a  knowledge  of  the  normal  chlorine  percentage  of  the 
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same  class  of  water  in  the  same  neighborhood  is  a  prerequimte  to  the 
application  of  tlie  chlorine  t«8t  aw  indiuative  of  sowage,  Invosliga- 
tion  of  this  nonnal  percentage  has  Iteeu  uudertalceu  for  the  Stale 
board  of  health  by  Prof.  D,  Fall.  Salt  ia  oiie  of  the  commonest  inor- 
ganic constituents,  only  loss  common  than  the  acid  carbonates  of  lime 
and  magnesia,  which  are  always  present  except  in  some  sanilstone 
wells  and  in  cistern  waters.  Iron  in  some  shajie,  and  suiphat«8  of 
lime,  etc.,  are  also  not  uncommon  in  wells. 

Tlie  quantity  of  mineral  matter  in  the  lakes  or  rivers  is  not  saffi- 
cient  to  affect  the  water  appreciably  as  a  supply  for  healthy  people, 
while  for  cases  of  uric  acid  diathesis,  where  lime  should  be  avoided, 
many  sandstone  wells  and  shallow  surface  wells  in  sand  se«m  spe- 
cially suited,  since  their  water  contains  less  than  the  usual  amount  of 
lime.  Occasionally  the  water  from  deeper  wells  is  softer.  Filtered 
rain  water  is  used  and  is  not  at  all  unpalatable  when  one  is  accustomed 
to  it.     Distilled  water  is  also  manufactured  and  sold. 

More  detailefl  conclnsions  as  to  the  connection  Ijetween  the  chemi- 
cal character  and  thesuitabilityof  a  water  for  drinking  will  be  found 
in  a  subsequent  paper. 

Dr.  W.  H.  Deadman,  veterinary  sui^eou  at  Alpena,  asserts  that  80 
per  cent  of  all  the  horse  disease  in  northern  Michigan  is  due  to  hard 
water.  The  hardness  of  water  varies  in  the  lakes  and  rivers,  and 
probably  varies  with  the  season  of  the  yeai-  and  with  the  depth  at 
which  the  samples  aie  taken. 

Some  of  the  shallower  rock  wells,  almost  all  those  over  50C'  feet, 
and  a  few  of  the  wells  in  drift  are  so  highly  charged  with  mineral 
matter  (over  i  ok.  per  cubic  foot)  as  to  be  cathartic  or  otherwise  un- 
pleasant and  unfit  for  domestic  use.  It  is  important  to  note,  however, 
that  in  many  cases  the  mineral  matter  comes  from  beds  of  salt  or  gyp- 
snm,  or  from  even  less  continuously  porous  beds,  and  that  thei-efore 
fresh  water  may  at  times  bo  obtained  by  proper  casing,  even  under 
beds  of  salt.  There  are  a  number  of  cases  on  record  in  which  fresh 
water  has  been  obtained  under  salt.  A  notable  case  is  that  of  Mr. 
Leipprandt,  near  Caseville  (sec.  13,  T.  17  N.,  tt.  10  E.),  who  has  a 
well  1(X)  feet  deep  that  is  very  salt,  and  another  well  380  feet  deep 
(cased  to  328  feet)  which  yields  good  fresh  water. 


0  impurities  are  most  prevalent  when  inorgani*^  are  least  so, 
)  shallow  wells,  rivers,  and  ponds,  and  even  in  cisterns  and 
[pipes.  Yet  even  deep  artesian  wells  are  not  by  any  means  free 
e  matter — for  example,  the  Bad  Axe  supply.  Such  matter 
rever,  probably  harmless.  Organic  impurities  may  be  divided 
Q  kinds — mere  vegetable  growths  of  algie,  etc.,  and  the  more 
ama  hact«ria  of  typhoid.  The  former  are  not  wholesome,  though 
a  latter,  and  may  form  in  cisterns  and  stand- 
^  "",  for  examv^«,&t  Bad  Axe  and  at  Leaton, 
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and  are  especially  abundant  in  artesian  water.  The  exclusion  of 
light  tends  to  check  their  growth  in  cisterns.  A  few  cases  are 
reported  where  malaria  was  cured  by  a  change  to  drinking  artesian 
water,  seeming  to  show  that  bad  water,  and  not  bad  air,  was  the 
cause  of  the  disease.  But  it  is  of  course  possible  that  it  was  not  the 
previous  presence  of  vegetable  matter  in  the  water  that  caused 
the  disease,  but  rather  the  curative  properties  of  some  mineral  ingre- 
dient in  the  artesian  water  that  effected  the  cure.  Wooden  or  plank 
casing,  which  is  much  too  common,  soon  gives  a  foul  taste  to  water, 
and  any  dug  well  with  a  basin  is  liable  to  have  foreign  matter  get 
into  it  that  does  not  improve  its  quality — angleworms,  frogs,  mice, 
moles,  rats,  and  snakes,  which  well  drillers  find  on  cleaning  the  wells. 

Wells  dug  or  driven  in  sand  only,  without  a  clay  capping,  are  liable 
to  surface  and  sewage  contamination,  though  of  course  when  they  are 
put  down  100  or  200  feet  the  danger  is  greatly  reduced  by  the  sand 
filtration.  Even  then  it  would  be  well  to  have  the  point  and  strainer 
considerably  below  the  top  of  the  water  line.  It  would  save  trouble 
in  an  exceptionally  dry  year,  and  would  give  additional  protection. 

The  practice  of  having  any  dug  or  shallow  surface  water  well  in  a 
barnyard  or  near  a  privy  is  uncivilized  and  is  only  the  temporary 
exi>edient  of  uneducated  immigrants  who  have  recently  arrived,  and 
one  is  glad  to  see  that  among  the  intelligent  and  more  prosperous 
farmers  deep  driven  or  drilled  wells  are  becoming  the  rule  and  not 
the  exception.  Too  commonly,  however,  the  well  water  of  the  deep 
driven  well  is  allowed  to  flow  into  the  old  dug  basin,  a  practice  which 
has  many  objections  (considered  on  page  73).  The  casing  should 
extend  from  the  pump  to  the  water-bearing  stratum.  The  well  should 
be  removed  from  the  barnyard,  to  which  the  water  may  be  conducted 
by  a  long  launder.  If  a  surface  or  dug  well  is  the  best  that  is  avail- 
able, it  should  be  oat  in  the  orchard,  and  removed  from  sources  of 
contamination. 

Digging  is  sometimes  the  best  way  of  sinking  through  a  bowldery 
formation.  A  good  practice,  prevalent  in  Emmet  County,  is  to  cement 
the  wall  as  the  well  is  sunk,  using  a  3-foot  boiler  tube  as  a  shield. 
Mr.  E.  R.  Phillips,  of  Bay  City,  uses  such  a  cemented  well  in  the 
city,  but  he  has  a  depth  of  sand  and  charcoal  at  the  bottom  which 
acts  as  a  huge  filter — an  excellent  palliative  expedient. 

Rivers  and  lakes  are  the  great  sources  of  supply  for  village  and  city 
waterworks,  being  but  rarely  used  by  individual  farmers,  except  as 
some  dry  season  forces  them  to  haul  water.  Unfortunately,  as  we 
have  already  remarked,  too  often  an  ample  supply  has  been  consid- 
ered the  prime  requisite  for  city  plants. 

DAIRY  USE. 

One  great  advantftge  of  flowing  wells  is  in  keeping  milk  cool. 
The  temperature  of  such  wells  approaches  the  mean  annual  temper- 
ature of  the  place  at  which  they  are,  plus  a  certain  «»\iiA.V\  ^\s\ss<q3^^ 


[44      WATER  BESOUBCES  OF  LOWEK  PENINSULA  OF  MUHIOAN,     lw.» 

dependent  on  the  depth  below  the  surface  from  which  they  druv  their 
WAt«r,  about  i  degree  for  '50  feet..  Thi-  annual  fluctuations  of  temper- 
ature hardly  affect  Iheni,  though  in  taci  if  from  '■iO  to  tiO  feet  deep  they 
I  are  colder  in  summer  than  in  wiut«r.  This  is  not  only  lo  beespected 
Sheoretically,  hnt has  been  verified  in  pra*t  ice.  Professor  Davis  found, 
!□  studying  some  of  the  Alma  flowingwells,  that  the  water  of  one  about 
66  feet  deep  stood  at  62°  F.  in  winter  and  at  48°  V.  in  tdimmer. 

SiDcethumeanapnufll  temperature  of  Michigan,  iu%  is  shown  in  fig.  4, 
varieH  between  39°  F.  and  49°  P.,  the  temperature  of  flowing  wells  or 
^ringu  should  have  about  the  same  range,  and  the  recorded  observa- 
'tionsof  the  shallow  flowing  wells  are  but  4°  or  5"  higher.  This  is 
precisely  the  range  of  temperature  l)est  adapted  to  keep  milk.  Such 
ftowiDg  wells  may  bo  obtAined  all  over  the  Saginaw  Valley,  and,  as  the 
map  (PI.  VIl)  shows,  such  wells,  drawing  water  either  from  the  rock 
.or  from  gravel  bf-ds  under  clay,  occur  throughout  the  State.  Theae 
wells  yield  a  wat«r  very  favorable  l«  the  growth  of  algie,  and  the 
vegetable  mattei-  must  be  frequently  cleaned  from  the  tanks.  Dark- 
ness checks  its  growth. 

For  use  in  refrigeration  or  for  general  dairy  use  the  same  purity  is 
not  requisite  as  in  drinking  water.  While  of  course  water  brought 
[Jb  contact  with  butter  should  be  free  from  dangerons  organic  impuri- 
pttas,  inorganic  mineral  oonstituents,  like  salt  and  sulphates,  are 
t^poited  to  be  some  advantage  and  help  in  hardening  the  butter. 
Vuch  of  the  water  of  the  Saginaw  Vallej'.  which  is  rather  too  salt  for 
domestic  use,  ts  excellent  for  dairy  purposes. 

VOOKl'SU,  I.Ar.VI>RV,   IIOII.ERS. 

Next  to  the  use  for  drinking  naturally  comes  cooking,  laundry,  and 
boiler  use.  As  organic  impurities  are  rendered  harmless  when  boiled, 
this  factor  is  eliminated,  except  when,  as  is  occasionally  the  ease, 
"foaming"  is  produced  in  the  boiler.  The  deposit  of  mineral  matter 
in  the  teakettle  is  usually  either  carbonate  or  sulphali'  of  lime,  majj- 
nesia,  or  iron.  If  the  former,  a  little  acid  quickly  removes  ii.  Iron  is 
betrayed  by  its  color.  Only  occasionally  is  water  fotind  with  so  much 
mineral  matter  as  to  be  unfit  for  cooking.  In  such  cases  iron  is  usu- 
ally the  offending  element,  turning  tea  black  and  discoloring  potatoes. 
Water,  if  allowed  to  .stjind,  will  precipitate  niostof  the  ii-on.  It  forms 
a  scum  which  is  at  times  mistaken  for  oil. 

Impurities  of  another  class,  i.e.,  hydri>gen  sulphide  and  other  gases. 
as  well  as  traces  of  oil,  occur  more  or  less  in  various  parts  of  the 
State.  Hydrogen  sulphide  occurs  in  vai-inns  places,  and  is  chariic- 
teristieally  common  just  beneath  the  Devonian  black  shales.  A  moil- 
erate  amount  does  not  seem  to  be  injurious,  and  users  soon  got  n-sed 
to  its  peculiar  odor;  but  in  the  deeper  salt  wells  in  the  southeastern 
part  of  the  State  it  is  disagreeable,  in  some  cases  seriously  affecting 
the  eyes. 
Another  /mportant  cimsiderHtiou  \u  rciiiwiV  U\  water  is  its  effect  on 
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boilers.  The  impurities  which  deposit  scale  are  the  sulphates  and 
carbonates  of  lime  and  ma^esia,  and  many  railroads  have  spent  con- 
siderable money  to  obtain  purer  boiler  water.  Water  with  8  to  10 
grains  of  carbonate  of  lime  to  the  gallon  is  considered  hard,  and  when 
there  are  over  40  grains  to  the  gallon — and  there  are  large  districts 
where  this  amount  is  present — the  water  has  been  condemned  by  rail- 
road authorities.  Mount  Pleasant  water  is  typical  as  a  bad  water  for 
use  in  boilers. 

The  sulphate  of  lime  is  worse  than  the  carbonate.  The  carbonates 
of  lime,  magnesia,  and  iron  are  somewhat  precipitated  by  exposure  to 
the  air,  and  further  by  boiling  or  by  tlie  addition  of  quicklime.  In 
every  district  it  will  be  found  that  the  water  of  certain  wells  is  consid- 
ered good  for  threshing  machines,  both  in  quantity  and  in  quality. 

In  the  steam  plant  of  the  University  of  Micliigan,  which  furnishes 
steam  heat  and  also  drives  a  couple  of  on^iiu^s,  the  condensed  water 
is  returned  to  the  boilers.  In  addition,  the  engineer  informs  me  that 
a  supply  of  about  400  gallons  plus  about  lo  per  cent  is  used  daily. 
This  is  nearly  all  derived  from  cisterns,  representing  about  eleven 
months'  supply.  I  obtained,  through  the  kindness  of  Professor  Ck)oley, 
a  blue  print  showing  the  exact  roofage  used  in  supplying  the  cisterns. 
From  this  I  estimate  that  19,493  square  feet  of  catchment  area  fur- 
nishes 17,600+  cubic  feet  of  water.  This  is  not  far  from  1  cubic  foot 
per  square  foot  of  catchment  surface,  or  38  per  cent  of  the  Ann  Arbor 
rainfall  (32  inches).  It  is  impossible  to  estimate  the  amount  of  leak- 
age, as  there  ai*e  five  cisterns,  scattered  at  considerable  intervals  over 
the  grounds,  and  part  of  the  rainfall  of  exceptionally  wet  seasons  may 
overflow  the  cisterns.  It  seems  as  though  a  larger  percentage  of  the 
rainfall  might  be  saved,  although  the  percentage  of  run-off  to  rainfall 
is  apparently  higher  than  in  the  Kalamazoo  Basin.  Much  of  the  win- 
ter snow  Avill  of  course  slide  off,  and  in  each  rain  a  certain  percentage 
must  be  allowed  for  wetting  the  roof  and  for  evaporation.  It  will  be 
safe,  however,  to  estimate  that  10  feet  square  of  r(K)f  surface  will  yield 
100  cubic  feet,  or  about  25  barrels,  of  water  per  annum. 

At  the  Agricultural  College  the  custom  is  to  heat  the  water  to  boil- 
ing and  then  allow  it  to  aerate,  cool,"  and  settle.  At  the  Midland 
Chemical  Works  they  propose  to  remove  the  hardness  first  with  lime 
and  then  with  soda  ash. 

In  any  case  it  is  well  to  get  the  water  as  pure  as  possible  before 
introducing  it  into  the  boiler;  and  heating  the  feed  wat^r  with  the 
exhaust  steam  and  allowing  it  to  setth*  will  certainly  help.  The 
growth  of  the  soda-ash  industry  in  Michigan  will  doubtless  permit 
the  economical  use  of  that  chemical. 

Cistern  or  rain  water  and  condensed  toiler  water  are  of  course  free 
from  these  impurities,  and  it  might  be  well  to  plan  an  agricultural 
engine  for  use  in  the  Saginaw  Valley  with  a  condenser  arranged  to  use 
its  water  over  again  and  again.  The  soda  salts,  common  salt,  and 
sulphate  of  soda  are  not  objectionable,  but  Tat>hftT  \v^V^  \ft  ^^!»ja.ws^» 
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'M&le,  and  in  the  Saginaw  Vallej-  ai-o  often  present  in  the  wnter.    T^e 
■  chlorides  of  lime  and  magnesia  and  th©  heavily  oarbonated  waters  art- 


Grenerally  speaking,  the  softest  waters  are  either  rainfall  waters 
l-from  aauda  so  near  the  surface  that  the  lime  has  been  leached  out,  or 
"Waters  from  wells  in  the  Napoleon  and  certain  other  sandstones, 
.vhich,  even  when  salt,  run  much  lower  in  sulphates  than  do  the 
iraters  of  the  higher  beds. 

I  What  has  been  said  concerning  cooking  and  boiler  feed  wat«r  applies 
iAIso  to  that  for  laundry  use.  The  prevailing  hardness  of  the  wat«r  has 
Ued  to  the  extended  use  of  cistern  water  for  washing.  If  one-third  the 
fainfall  can  be  saved,  ai-oof  10  feet  square  will  yield  about  600  gallons 
ft  year.  It  is  only  in  part  of  the  sandstone  district  that  the  wells  are 
■■MO  soft  that  there  is  no  object  in  saving  rain  water.  To  supplement  rain 
[Vater  very  shallow  wells  are  sometimes  used,  when  only  S  or  3  feet  of 
>:BBnd  is  underlain  by  clay  and  has  been  washed  free  from  lime,  so  that 
I'One  can  get  practically  surface  rain  water.  In  a  fresh  cut  in  a  gravel 
'bank  (e.g.,  at  Meeosta),  the  leaching  out  of  the  lime  and  iron  from  the 
first  2  feet  or  so  is  well  marked  by  a  dark  line  at  the  bottom  where 
the  lime  and  iron  are  concentrated,  which  have  often  cemented  the 
pebbles  together  into  one  form  of  "hardpan,"  a  term  also  applied  to 
.1*11. 

I  The  same  remedies  for  hardness  mentioned  above,  viz,  exposure  to 
air,  boiling,  and  the  addition  of  quicklime  or  sal  soda,  are  also  avail- 
able in  laundry  use,  and  are  known  as  "  breaking"  the  water. 

It  is  advisable  to  get  the  water  as  pure  as  possible  before  its  injec- 
tion into  the  boiler,  rather  than  to  rely  entirely  on  "dosing"  the 
boiler. 

SUGAR-BEET   INDUSTRY. 

In  the  manufacture  of  Ijeet  sugar  it  i.s  important  t<»  liave  a  water 
as  free  as  possible  from  salts,  for  every  molecule  of  chlorine  salt  is 
said  to  invert  about  five  molecules  of  sugar  into  glucose.  Organic 
matter  is  said  to  work  in  like  fashion.  None  of  the  surface  waters, 
and  but  few  of  the  deeper  drift  wells,  are  really  disqualified,  although 
there  is  considerable  difference  between  them.  Most  of  the  deeper 
rock  wells,  however,  over  300  feet  in  the  rock,  except  those  in  the 
northern  part  of  the  State  and,  relatively  speaking,  the  waters  of  th<' 
eoal  basin,  would  be  unsuited  for  such  use.  A  great  deal  depends  nu 
prompt  handling  and  skill. 

PHOTOGRAPHY    AND    OTHEK    USES. 

For  photography,  paper  making,  wool  scouring,  and  manufacturing 
industries  generally  it  is  Important  to  have  as  little  mineral  matter 
as  possible.  For  photography  rain  water  can  be  u.sed  only  if  fairly 
free  fn>m  organic  matter.  Photo^aphers  frequently  use  the  common 
bard  tfster.     One  possible  exception  to  the  general  rule  that  sulphates 
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are  deleterious  in  mannfaotnres  is  ale,  in  which,  it  has  been  said/ 
a  certain  amount  of  calcium  sulphate  is  an  improvement.  Gener- 
ally speaking,  however,  the  breweries  take  great  pains  to  get  as 
pure  water  as  possible.  In  compounding  medicines  also  a  pure  water 
is  of  importance.  The  industries  (salt,  potash,  bromine,  and  min- 
eral water)  dependent  on  minerals  in.  the  water  are  not  here  treated. 
The  industries  requiring  pure  water  are  well  worth  consideration  in 
re^iforcing  the  demand  for  pure  water  and  in  estimating  the  availa- 
bility of  several  possible  supplies.  Of  course  pure  water  is  important 
to  those  seeking  the  most  favorable  location  for  such  industries. 

QUALITY  AND  QUANTITY  COMPARED. 

It  may  be  said  in  general  that  while  for  uses  which  look  first  to 
quantity  the  lakes  and  rivers  are  the  natural  source,  for  freedom  from 
organic  impurity  the  deeper  wells  have  the  preference.  Water  from 
both  these  sources,  except  from  some  sandstone  and  coal  measure 
wells,  is  rather  hard,  so  that  for  washing  cistern  water  is  preferred. 
The  deeper  the  well  the  greater  the  inorganic  impurity,  with  some 
noticeable  exceptions,  chiefly  in  that  the  waters  from  the  Napoleon 
sandstone  and  the  Dundee  limestone,  down  to  the  Sylvania  sandstone, 
may  be  less  charged  than  the  waters  from  beds  above. 

The  Great  Lakes,  with  properly  located  and  guarded  intake  pipes, 
furnish  a  good  city  water  supply.  The  supply  from  all  rivers,  even 
the  Detroit  and  St.  Clair,  should  be  filtered.  Many  towns  fortunately 
possess  an  ample  supply  from  deep  wells.  Only  in  that  territory  which 
lies  at  the  same  time  in  the  region  of  the  old  lake  bottoms,  colored  blue 
on  the  map  (PI.  II),  and  that  of  the  Coldwater  shales  (see  PI.  VI)  is  the 
outlook  for  deep-well  supply  entirely  unpromising,  so  that  carefully 
filtered  river  water  or  aqueducts  from  springs  near  the  flank  of  the 
nearest  moraine  seem  the  most  hopeful  sources  of  large  supply  for 
towns. 

Statistics  show  that  city  use  is  generally  extravagant,  rarely  less 
than  100  and  rising  to  200  and  300  gallons  per  capita  a  day.^  This 
is  much  more  than  domestic  use  requires,  and  is  due  partly  to  uses 
where  quality  is  comparatively  no  object,  such  as  street  sprinkling 
and  fire  protection,  the  use  of  lawn  hose  and  of  water  for  elevators 
and  light  machinery,  etc.,  but  largely  to  sheer  waste.  It  is  not  for 
the  public  welfare  to  stint  the  use  of  water  to  the  detriment  of  clean- 
liness, but  it  is  advisable  to  stop  waste,  and  the  effect  of  meters  in 
this  respect  is  wonderful.  It  would  be  well  to  have  a  minimum  price 
for  a  certain  quantity,  say  30  gallons  a  day  for  each  room  served,  to 
prevent  undue  economy,  and  after  that  charge  in  proportion  to  the 
amount  of  water  used.  It  is  a  question,  also,  whether  the  more 
wealthy  residents  who  use  the  lawn  sprinklers  freely  pay  more  or  less 
than  their  fair  share  of  the  water  rates  at  the  present  schedules. 


*  See  Enoy.  Brit.,  arUole  Barton. 
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Some  few  towns,  like  Roebeater,  possess  an  amplR  sapply  of  onex- 
'  eeptionable  water,  though  even  in  sndi  cases  a  prudent  provision  for 
tiie  iuteroal'H  of  posterity  would  guard  agaiuat  thu  waste  which  has 
already  lowered  the  head  in  some  communities  to  a  dangerous  extent. 
A.  flowing  well  is  valuable,  and  the  head  needful  to  produce  one  should 
not  be  recklessly  waited. 

Most  of  the  smaller  towns,  however,  stand  on  a  border  line.  Tliey 
•an  get  a  supply  of  well  water  which  will  sufGce  for  ordinarj'  aud 
,  •conomical  use  but  not  for  emergencies.  This  is  a  field  for  reservoirs 
and  fur  &lt«ra.  It  should  be  remembered  that  the  eflic^acy  of  a  filter 
depends  very  largely  on  its  not  being  use<l  constantly,  but  allowed, 
I  JIB  it  were,  to  rest  from  time  to  time.  Filtration  of  a  lower  grade  sup- 
.<Jjiy  is  especially  adapted  for  extraordinary  demands.  The  ordinary 
iffipply  of  such  towns  as  Alma  and  Mount  Pleasant  should  be  froio 
M^p  wells,  but  in  case  of  fire  ftltei-ed  river  water  might  be  turned  in. 
'  To  use  unfiltered  river  water  without  notice  to  consumers  ought  to  be 
I  outof  thetiuestion.  Accustomedaspeoplemay  be  to  the  better  supply 
•  tjiey  will  not  use  the  same  precautions  as  i f  they  had  the  poor  supply 
tegularly.  In  the  Manual  of  American  Waterworks  it  appears  that 
tbere  are  many  towns  which,  in  ease  of  fii-e,  pump  directly  from  the  river. 
I  Lower  ^licliigan  Is  so  situated  with  respect  to  the  Great  Lakes  that 
.BOfit  of  the  larger  towns  can  derive  from  them  a  satisfactory  supply  by 
•'VBing  proper  precautions.  Many  others  can  derive  a  domestic  supply 
from  the  Marshall  sandstone.  Only  along  the  Saginaw  River  is  the 
question  of  water  supply  at  all  serious,  Saginaw  Bay  is  exceedingly 
shoal,  and  for  East  and  West  Saginaw  and  Bay  City  the  supply  can 
not  be  regarded  as  at  all  satisfactory. 

It  seems,  however,  that  there  is  destined  to  be  a  city  of  the  first 
tank  along  Saginaw  River.  Even  if  froni  the  sandstones  (not  merely 
the  drift  which  has  been  tested  unsuccessfully  by  the  waterworkN 
experimental  wells)  a  sufficient  supply  of  water  relatively  fr«e  from 
mineral  can  not  be  obtained,'  it  seems  certain  that  to  the  west  and 
soutluvest,  in  Tuscola  County,  less  than  25  miles  away,  the  water 
resources  can  be  utilized  for  a  metropolitan  water  supply. 

(■r>iMAT>;. 

The  most  detailed  account  of  the  clinuitc  of  the  State  is  by  thi' 
former  State  geologist,  A.  Winchell.'' 

'The  recent  oiplorntionB  for  coal  sni!  rity  wells  sh.iw  Hint  here  ami  tlipro  In  rliJinijil-  tli.i. 
ore  wltbta  tho  flrst  Sno  feet  Iwuemli  KHsInnw  Brma  or  watiT  brarlne  Fiatidstinie!!. 

"  Tackabupj-a  Atlaa  of  tLn  State  ot  Micbisun.  edited  liy  H.  V.  WalLinK.    Fir-t  .iliti.m.  !■: ; 


Wegwclser  der  Uii^bigHD,  HambDrg. 

Oesterrelch.  Ges.  tUr  Meteorologle,  Wlen.    Zeltsch,,  Bd.  Vtll,  Februar?  1, 1873,  p.  40. 

From  Winchell-s  worlt  much  of  the  material  In  tbia  chapter  t»  nl»tra<-t.-d.  It  is.ot  conrae. 
wholly  up  to  dale,  bat  Prof.  E.  A,  Strung,  of  Ypoilantl,  diri'ctop  of  tlio  HIate  weather  oerT 
who  ha.1  studied  and  compiled  the  later  data,  informs  me  that  tlii'V  an-  substantlallr  corr 
and  lam  indebted  to  Mr.  C.  F.  Schneider,  direct*>c  of  the  State  ivealhi-r  service,  tor  oddltit 
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The  most  notable  features  of  the  climate  of  the  Lower  Peninsnla 
may  be  summed  up  in  a  few  words  by  saying  that  it  is  what  its  name 
implies,  pene-insular,  modified  by  the  fact  that  it  has  greater  relief 
than  the  neighboring  States  to  the  west.  The  mean  temperature  for 
the  year  is  higher  on  the  east  shore  of  Lake  Michigan  than  on  the 
west  shore,  as  is  also  vividly  shown  by  Winchell's  isothermals  of  the 
extreme  minima,  and  in  this  respect,  owing  to  air  drainage,  the  high- 
lands have  an  advantage  over  the  lowlands,  the  central  part  of  Mich- 
igan being  better  off  than  St.  Louis,  so  far  as  the  extreme  cold  of 
winter  is  concerned.  In  fact,  the  mean  of  January  temperature  is 
higher  and  of  July  heat  lower  than  farther  west. 

It  is  obvious  that  these  facts  have  a  bearing  on  the  run-off  of  the 
streams.  The  amount  and  distribution  of  the  rain  or  snow  must  also 
be  taken  into  consideration.  This  has  been  carefully  studied  for  the 
Kalamazoo  River  by  Mr.  Horton  in  a  previous  section,  page  26.  The 
average  precipitation  for  the  Lower  Peninsula  is  some  32  inches. 
The  heavy  dews  which  occur  in  some  parts  of  the  State  need  not  be 
taken  into  consideration  as  run-off,  however  imx)ortant  they  may 
be  for  the  farmer,  because  they  are  largely  evaporated  or  absorbed 
by  plants  and  do  not  become  a  part  of  the  water  resources.  Some 
idea  of  this  factor  might  be  obtained  from  the  relative  humidity  of 
the  air,  but  as  to  actual  rainfall  the  Lower  Peninsula  is  in  about  the 
condition  of  Wisconsin.  The  distribution  of  this  precipitation  is 
also  of  interest.  The  contrast  in  the  winter  between  the  upper  and 
lower  parts  of  Michigan  has  frequently  been  observed.  The  region 
of  Lake  Superior  will  be  buried  in  snow  2  or  3  feet  deep  when 
through  the  lower  part  snow  is  found  only  in  scattered  patches. 
Winchell  gives  the  following  table : 

IHstrUmtioH  of  precipitation  in  Michigan  by  seasons. 


Season. 

Upper 
Penmsula. 

Lower 
Peninsula. 

The  State. 

1 

SDiinflr 

Per  cent. 
19. 
27. 
28.8 
22. 

Per  cent. 
25.8 
28.7 
27.3 
19.1 

Per  cent, 
23.8 
28.3 
27.7 
20. 

RnrnTner        . .         ,       ... 

1 

Antnmn 

Winter  

Total 

96.8 

100.9 

99.8 

Taking  into  consideration  both  the  milder  climate  and  the  marked 
diminution  of  precipitation  in  winter,  the  table  above  indicates  less 
accumulation  of  snow  during  the  winter.  Tlius  the  spring  freshets 
ave  much  less  decided  than  in  many  other  States,  while  the  temporary 
winter  snows  largely  sink  into  the  ground.  From  this  results  a  steadier 
flow  and  less  erosion  and  fewer  flood  plains  in  the  streams  than  would 
otherwise  be  the  case.    The  many  lakes  wittvowl  o\x\\e^ie>^Q\3\^^»J;^V^^^ 
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even  more  violeiilly  were  this  uut  the  case,  and  donbtless  be  more 
likely  to  cut  channeU  for  themnelves.  The  ubundanee  of  lakes  also 
helps  to  keep  more  uniform  the  flow  of  the  titreams.  The  effect  of  cul- 
tivation, on  the  other  hand,  is  to  make  the  spring  freshet  sharper  an<1 
earlier,  fur  the  »now  disappears  first  from  plowed  fields  and  cleared 
landA. 

For  the  four  figures  (figs.  2  to  5)  illustrating  Michigan  climatologv 
I  am  indebted  to  the  direotor  of  the  Michigan  weather  sert'iee,  Mr.  C.  F. 


.perfttura  in  Michigaii 


Schneider.  They  are  compiled  from  the  records  of  the  variou.-i  stai  ituis 
(about  108  in  all),  and  are  the  result  of  averaging  all  the  data  on  file 
in  the  ofGce,  in  genera!  covering  a  period  of  about  ten  years,  except 
for  the  precipitation  chart  (fig.  5),  which  covei-s  a  much  longer  period. 
The  period  of  observation  is  not  tlic  same  for  all  stations.  The  tem- 
perature ob.servations  at  Lansing  go  back  to  1873. 

Fig.  2  shows  the  average  of  the  average  diurnal  minimum  teniper- 
atare  tor  each  year. 
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The  moUifying  effect  of  tbe  westerly  irinds  blowing  off  Lake 
Michigan  and  Sf^naw  Bay  is  very  apparent.  The  highlands  north- 
west of  Saginaw  Bay  have  extremely  low  minima,  an  might  be 
expected,  while  those  southeast,  on  the  contrary,  have  not  so  low 
minima  as  the  Saginaw  Valley,  and  it  appears  tliat  the  valleys  drain- 
ing thither  have,  on  the  whole,  lower  minima  than  those  draining 
soatbeast. 


rta.  a— DlatiibntloQ  Ot  STera«e  Duxliaam  temperature  la  Hlchlgam. 


Fig.  3  similarly  gives  the  average  of  the  average  maximum  tem- 
perature during  each  year.  At  the  northern  end  of  Lake  Michigan 
the  maximum  as  well  as  the  minimum  temperature  is  raised,  and  tbe 
general  average  is  abnormally  high  (fig.  i).  At  the  lower  end,  how- 
ever, the  maximum  and  the  mean  temperaturesare  but  little  raised,  so 
that  the  lake  serves  only  to  mollify  the  frosts  of  this  fruit  belt,  chang- 
ing tbe  climate,  as  a  whole,  only  as  it  becomes  more  equable.  The  two 
highlands  have  opposite  relations  to  the  maxima;  the  one  northwest 
of  Saginaw  Bay  has  specially  low  maxima,  while  the  one  aoutheuHt 
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is  distinctly  higher.  The  former  is  sandy  and  largely  covered  with 
barren,  denuded  jack-pine  plains;  the  latter  is  lower,  more  clayey, 
more  cultivated,  antl  pmbably  retains  its  moisture — the  jrre«t  regu- 
lator of  climate — better. 

Fig.  4,  showing  tlio  mean  temperature,  indicates  that  warmth  enters 
from  the  southwest  comer  of  the  Lower  Peninsula  and  extends 
up  Grand  River  Valley,  while  the  temperature  at  Saginaw  is  ratJier 


colder  than  it  is  immediately  east  or  west.  The  mollifyiufr  elTccu  oi 
Lake  Erie  and  Lsike  St.  C'lair  are  uLso  shown  in  fli;a.  ;S  and  i.  It  is 
generally  supposeil  that,  as  staled  below,  the  temperatures  of  llciwiiii; 
wells  are  those  of  the  localities  given  in  fig,  4,  plus  a  certain  aniouul. 
this  amount  depending  on  the  depth  of  the  well— about  1  degree  in 
60  foet,  but  observations  give  rather  highei"  temperatures  in  wells  less 
than  200  feel  deep.  The  summer  rains  nmy  penetrate  farther  and 
more  rapidly  than  do  the  winter  snows. 
Fif^.  5  shows  the  average  nvintaW.    \i\  VW  wmtUeni  part  of  tin' 
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peninsula  precipitation  and  temperatare  seem  to  increase  together, 
while  in  the  northern  part  of  the  peninsula  a  line  of  low  precipi- 
tation seems  to  extend  from  Saginaw  Bay  to  Grand  Traverse  Bay. 
It  is  li  fortunate  coincidence  that  the  flat,  low,  clayey,  easily  flooded 
Saginaw  Valley  has  a  relatively  low  record  in  precipitation  as  well  as 
in  temperature,  while  the  sandier  western  shore  has  more  rain. 

The  wind  has  some  influence  on  problems  of  water  supply.     Many 
wells  are  said  to  change  their  level  with  the  wind.     This  is  probably 


Fro.  S.— Distribution  of 


in  many  cases  not  directly  due  to  the  wind  but  to  fluctuat  ons  in  baro- 
metric pressure.  The  prevailing  winds  have  another  very  important 
effect.  Where  the  prevailing  Wind  is  on  shore,  the  shore  is  more  apt 
to  be  Bandy  than  where  the  wind  is  offshore.  A  large  part  of  the  penin- 
sula has  been  covered  by  lakes  and  the  sandy  character  of  the  shored 
and  old  shore  lines  that  face  the  west,  which  is  the  direction  of  the 
prevailing  wind,  is  pronounced.  It  shoald  be  remarked,  in  addition, 
that  daring  the  hot  days  of  summer  a  marked  aft«moon  breese  from 
the  lake  is  a  prevailing  feature. 
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I  LONG-PERIOD  VARIATIONS  IN  RAINPA1,L 

There  is  one  imporinnt  feAtuiw  of  tfae  climate,  however,  on  wbicb  do 
light  can  be  gained  from  Winchell — the  variations  of  the  annual  rain- 
fall from  year  to  year.  This  may  be  learned  from  Ihe  fluctuation  of  thtr 
ground-water  level,  or  the  level  of  the  Great  Lakes,  which  obserratiou 
ban  shown  (see  fig.  1)  rise  and  fall  according  tm  tlii>  general  rainfall  uf 
the  previuUH  years  Iiaa  been  more  or  less  than  the  avera^.  When 
the  rainfall  for  several  years  has  been  below  the  average  ther©  is  also 
a  fall  in  the  level  of  nnderground  water  and  in  the  level  of  the  lalieg. 
especially  those  that  have  no  outlets.  Clam  T^ake,  near  Cadillac,  has 
varied  16  feet  within  memory,  and  Houghton  Lake  and  Higgins  T^ke 
are  lower  than  they  have  been.  Out?  will  everj-wbero  find  reporl* 
that  the  lakes,  streams,  and  wells  are  lower  than  they  were  formerly, 
and  muck  plains  (PI.  Ill,  B)  underlain  by  shells,  marking  former 
lake  bottomtn  may  be  seen.  This  lowering  of  lakes  and  ground  wat«r 
is  ascribed  to  various  cAuses,  all  of  which  may  perhaps  be  at  work. 

In  the  first  place,  it  is  argued  that  cultivation  t«uds  to  accelerate 
the  run-off  so  that  water  docs  not  have  time  to  soak  into  tfae  earth. 
This  is  doubtless  true.  On  preliminary  railroad  profiles,  for  instance, 
areas  are  marked  "  swamp  "  or  even  "all  water"  which  are  now  fertile 
fields  by  no  means  damp.  The  original  Government  field  notes  of  the 
Uniteil  States  Land  Office  also  show  areas  marked  "swamp  "which  are 
far  from  Miieh  to-day.  Much  discussion  and  many  charges  of  fraud 
concerning  these  "State  swamp  landB"  have  arisen,  but  not  all  such 
descriptions  wore  by  any  means  frnndnlent.  Many  of  these  swamps 
are  explicitly  (lescribed  as  beaver  meadows  or  as  due  to  beaver  dams. 
The  beavers  have  gone,  their  dams  have  been  broken,  and  the  swamp 
has  become  dryer.  Again,  loggers'  operations  are  active  in  clearing 
out  the  streams  and  in  cutting  out  the  dams,  though  they  erect  dams 
and  obstructions  of  their  own.  On  the  whole,  however,  the  floods, 
aided  by  the  loggers,  have  cleared  the  streams  and  made  them  morf 
efficient  drainage  channels.  The  more  irregular  the  flow  of  a  given 
quantity  of  water  the  greater  its  efficiency  as  an  erosive  agent. 

The  next  cause  to  Ix'  considered  is  devastation  by  fire.  Logginir 
operations  leave  the  forest  a  forest  still,  but  the  black  scourge  of  fiif 
which  follows  strips  the  ground  of  leaves,  and,  worst  of  all,  fi-e- 
quently  consumes  the  vegetable  mold  that  absorbs  water  like  a 
sponge.  The  amount  of  water  actually  evaporated  by  a  fire  is  insi^'- 
nificant  in  proportion  to  the  permaneut  damage.  Most  of  this  fin' 
waste  is  accidental,  but  some  of  it  is  the  result  of  gross  earelessnfss, 
I  have  seen  a  meadow  with  tlie  mold  of  generations  burned  cleiiii  in 
clearing,  leaving  only  a  bare  .subsoil  of  sand  fertilizetl  with  ashes  that 
will  yield  good  crops  for  a  few  seasons  only  and  then  Iw  leacheil  oui. 
Then  comes  the  plow.  Sandy  soils  still  absorb  water,  some  of  them 
having  36  per  cent  water  capacity,  but  some  of  the  bare,  plowed, 
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un-baked  slopes  of  the  clay  hills  are  almost  impervious  to  water, 
'inally,  in  the  extreme  lowlands  drains  of  every  size  and  variety,  from 
lie  farmer's  tile  drains  to  the  roadside,  the  township,  and  the  large 
ounty  drains,  accelerate  the  departure  of  undesired  water. 

The  time  may  come  when  drainage,  instead  of  being  down  the  slopes, 
ill  be  along  them,  transferring  the  water  from  the  hollows  to  the 
>wer  uplands  and  thus  promoting  irrigation.  But  that  time  has  not 
et  come. 

In  the  second  place,  there  is  qften  supposed  to  be  a  general  desicca- 
Ion  of  the  climate,  a  steady  decrease  in  precipitation.  Of  this  there 
i  no  definite  historic  evidence,  though  of  course  in  the  ice  age  and 
mmediately  subsequent  there  was  certainly  more  water  in  all  lakes 
,nd  rivers,  though  possibly  no  greater  precipitation.  Frozen  water 
nee  covered  the  countr>\  Legends  of  what  the  Indians  used  to  do  in 
he  way  of  canoeing  can  be  easily  interpreted,  partly  by  the  desiccation 
Lue  to  settlement  (which  has  already  been  mentioned)  and  partly  by 
he  fluctuations  of  precipitation  and  water  stage  from  decade  to  decade. 
5ut  as  research  shows,  the  general  water  level  has  been  fairly  con- 
tant  during  the  century.  A  period  (1886-1896)  of  decreasing  rainfall, 
lowever,  which  has  just  been  passed,  has  lowere<l  the  lakes  and  caused 
he  wells  to  fail  in  a  way  that  has  surprised  the  oldest  inhabitants 
►f  many  of  the  new  towns.  It  is  necessary  to  go  back  many  years  for 
i  similar  fall.  ^ 

SHORT-PERIOD  FLUCTUATIONS  IN  WATER  LEVEL. 

Sudden  fluctuations  occur  in  the  Great  Lakes  ahd  in  the  gi*ound 
v^ater  which  are  not  regular  annual  and  seasonal  fluctuations  like  those 
)efore  described,  but  are  more  like  waves  of  great  breadth,  the  whole 
v^ater  of  the  lake  basin  washing  from  side  to  side.  An  instance  may 
)e  recorded  in  which  the  surface  of  a  channel  connecting  a  small  lake 
vith  Lake  Superior  rose  and  fell  about  a  foot  in  an  interval  of  twenty 
ninutes.  Similar  fluctuations  occur  everywhere  in  the  lake  and  com- 
)letely  disguise,  except  to  most  careful  and  systematic  observation, 
he  minute  lunar  tides.  Sometimes  these  variations  can  be  distinctly 
raced  to  the  wind.  A  strong  north  wind  will  pile  the  water  up  in 
Saginaw  Bay,  and  a  strong  southwest  wind  will  drive  it  out.  A  varia- 
ion  of  400  feet  in  the  position  of  the  shore  line  has  thus  been  caused 
n  one  night.  Another  cause  of  these  variations,  often  cooperant  with 
he  one  just  mentioned,  is  a  variation  of  atmospheric  pressure  over 
lifferent  parts  of  the  lake  basin,  the  water  tending  to  rise  when  the 
)ressure  is  least. 

Analogous  phenomena,  probably  due  to  analogous  causes,  are 
•eported  from  numerous  wells,  but  as  yet  have  not  been  subjected 
o  careful  investigation.  When  the  wind  is  in  a  certain  quarter 
ong  enough  or  strong  enough,  or  just  before  a  storm  (i.  e.,  at  a 
ime  of  low  atmospheric  pressure),  the  water  is  reported  to  ooi&e 
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moro  freely,  l<>  havp  proator  hend,  ur  to  l>e  roily.  These  phenotneia 
are  naturally  most  conspieuous  in  wells  which  flow  with  no  great 
head,  and  arc  aiialugous  apparently  to  ttiose  lou^  noted  on  Strombolt 
and  Vesuvius,  which  are  said  to  discharge  their  lurid  contents  nior* 
freely  before  a  storm.  Sometimes  Ihese  phenomena  are  attributed  la 
direct  connection  with  the  lake.  This  theory,  of  course,  on^ht  not  to 
I)e  rejected  in  all  cases;  but  similar  phonomena  oo«ur  ro  far  from  th« 
lake  that  it  is  safe  to  assume  that  in  most  casea  the  well  fluctnations 
are  due  to  the  ttame  cause  as  the  fluctuations  in  the  lake  rather  than 
to  the  fluctuations  themselves.  An  interesting  "breathing"  dry  well 
is  noted  in  sec.  7,  T.  35  N.,  R.  5  E.,  a  phenomenon  which  has  been 
iipticed  in  caves  elsewhere  in  the  world. 

■  WELl.  TEMPERATURES. 

Special  attention  is  due  to  tlie  effect  of  mean  annual  temperature 
on  the  temperature  of  wells  aud  springs.  It  is  true  in  general  that 
the  temperature  of  the  water  in  flowing  wells  or  springs  represents 
the  mean  temperature  of  the  locality,  but  there  are  some  qualifica- 
tions; something  must  be  allowed  for  the  increase  of  temperature 
which  we  find  everywhere  in  going  toward  the  center  of  the  earth. 

If  the  rate  of  increase  shown  by  the  Alma  Sanitarium  deep  and 
shallow  wells  gives  a  true  average,  we  get  an  increase  of  temperature 
of  about  (98°— 48°  =50'')-^(2863— 157=2706)  or  1°  in  54  feet,  which  is 
veiy  ntaily  the  normal  rate  of  iucreaee  of  the  world,  which  may  be 
assumed  in  preliminary  redactions.  Other  wells  at  Midland,  Sagi- 
naw, Fnmkforl,  etc.,  would  give  other  mtcsdown  to  I''  in  100 feet,  but 
they  are  for  less  depths.  Water  flowing  from  ji  driven  well  5G  feet 
deep,  therefore,  might  liave  its  temperature  raised  about  1'  above 
the  average  for  the  jilace,  t>rovided  it  hail  Ijcen  flowing  so  long  or  in 
so  strong  a  strejini  that  the  temporaluro  of  the  ground  traversed  on 
the  way  up  did  not  affet-t  it.  The  effect  of  the  summer's  Ileal  and  tlie 
winter's  cold  is  felt  in  the  ground  (as  Lisbon  and  Edininn-gli  obser- 
vations have  shown)  to  a  considerable  deptli,  the  annual  Viiriiilion 
growing  less  with  inereaaed  depth  and  the  time  of  greatest  cold  l>ecoiii- 
ing  later,  so  that  if  the  flow  is  from  30  to  CO  feet  down  the  teniperat  urt' 
should  l>o  jifelually  slightly  lower  in  summer  than  in  winter.  Observa- 
tions by  Prof.  C.  A.  Davis,  of  Alma  (T.  11  N.,  R.  :i  \V.),  .■*liijw  this  to 
be  the  ca-sc  in  some  of  the  wells  there,  the  water  of  a  well  55  feet  ilcfji 
standing  at  53°  F.  in  winter  and  at  48"  F.  in  summer.  Other  otwer- 
vations  of  the  temperature  of  wells  requii-e  modification  to  idlow  for 
the  above  factors.  But  it  is  certjiin  that  the  temperature  of  water 
from  a  well  100  feet  deej)  ouglit  not  to  vary  more  than  -2"  F.  from  the 
mean  annual  temperature  of  the  place,  and  probably  in  summer,  when 
observations  are  usually  taken,  is  very  near  it,  the  effect  of  the  la^l 
wiuter'a  cold  balancing  that  of  the  earth's  tliermal  gradient. 
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The  temperature  of  deep-flowing  wells  of  small  bore  is  somewhat 
affected  by  the  earth's  heat,  e.  k-j  the  deeper  Bay  Port  (T.  17  N.,  R. 
9  E.)  wells;  but  it  would  certainly  be  incorrect  to  take  anything  near 
(338  -r-  56  =)  6°  from  their  temperature  (of  47°  F.)  to  obtain  the  mean 
temperature  of  the  place.  Again,  as  the  winter  temperature  is  felt 
to  a  depth  at  which  no  effect  of  a  particular  cold  day  or  week  can 
be  detected,  so  a  series  of  extra  cold  or  extra  hot  years  will  modify 
the  temperature  to  a  depth  where  no  trace  of  annual  fluctuation  can 
be  observed.  In  a  similar  way  any  permanent  factor,  like  the  pres- 
ence of  a  boiler  house  or  a  cellar  furnace,  may  modify  the  temper- 
ature of  a  flowing  well  to  a  considerable  depth.  A  good  illustration 
tion  is  afforded  in  a  flowing  well  at  the  sawmill  in  Rose  City  (fig.  8), 
which  is  deeper  and  on  ground  25  feet  lower  than  the  wells  of  the 
town;  but  this  is  not  sufficient  to  account  for  nearly  7°  greater  warmth 
over  the  hotel  well. 

SUPERFICIAIi  GEOIiOGY  AND  TOPOGRAPHY. 

GENERAL    DESCRIPTION. 

The  contour  map  of  the  State  (PI.  I)  shows  two  high  areas,  to  the 
southeast  and  northwest  of  Saginaw  Bay,  respectively,  which  are  also 
brought  out  in  flg.  6.  WincheU  has  laid  down  the  following  proposi- 
tion (Tackabury's  Atlas  of  Michigan,  p.  14) :  * '  The  actual  topographical 
and  hydrographical  axes  of  Michigan  and  the  whole  lake  region  are 
the  resultant  of  two  forces — ^a  glacial,  acting  from  the  northeast,  and 
a  stratigraphical,  acting  along  the  lines  of  strike  of  the  rock  forma- 
tions." This  is  what  he  calls  the  diagonal  system  in  the  physical 
features  of  the  State.  While  this  statement  may  be  true  in  a  broad 
way,  it  must  be  seriously  modified  to  express  the  facts  of  the  case. 
It  ignores  the  shore  lines  of  the  old  lakes,  elsewhere  recognized  by 
Winchell  as  an  important  factor,  and  it  is  really  as  approximately 
true  that  the  various  positions  in  Michigan  where  the  glacial  front 
halted,  i.  e. ,  the  moraines,  and  more  or  less  at  right  angles  to  the  direc- 
tion of  its  motion,  are  the  dominant  features,  and  that  next  to  them 
come  the  lines  of  halt  of  the  lakes  succeeding.  The  old  stratigraphic 
lines  of  rock  outcrops  are  very  obscure. 

In  a  broad  way,  as  described  by  Winchell,  the  consolidated  rocks 
are  arranged  in  concentric  circles,  surrounding  the  coal  measures 
which  occupy  the  center  of  the  State.  (See  map,  PI.  VI.)  During 
Mesozoic  and  Cenozoic  time  these  were  eroded,  but  two  sets  of  strata 
proved  to  be  sufl&ciently  resistant  to  become  topographic  features  of 
the  first  class.  The  Marshall  sandstones  (Logan  conglomerate),  the 
Helderberg  in  the  southern  part  of  the  State,  and  the  Traverse  lime- 
stones in  the  northern  part  of  the  State,  tended  to  make  ridges,  as 
may  be  seen  in  the  cross  section  (fig.  10).  Inasmuch  as  the  softer  coal 
basin  rocks  were  thus  surrounded  by  harder  strata  this  harder  rim 
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would  bo  cut  Hcross  in  some  way.  The  evidence  seemB  slrangly  to 
indicate  that  the  channel  draining  the  central  basin  went  off,  not  as 
Spencer  has  suggested,  thron)>:h  the  Saginaw  Valley,  but  past  IManis- 
tee  toward  the  great  valley,  now  occupied  by  Lake  Michigan,  which 
was  excavated  in  Ihe  softer  shales,  gypsum,  and  salt,  and  marks  the 
Salina  (Lower  Helderberg).     The  circHmvallation  was  probably  some- 

I  what  broken  in  the  region  of  Sagiuaw;  at  any  rate,  the  outer  circle 
made  by  the  Ilelderberg  (Traverse,  Dundee,  and  Monroe  limestoiies) 
was  passed.  Thus  the  ico  flood,  advancing  from  the  Lauren tian  high- 
lands, was  deflected  by  this  circular  double  rampart  and  passed  in  two 
great  lobes— the  Michigan  and  the  Huron-Erie  respectively — west  and 
east  of  it.  As  the  ic«  reached  its  maximum,  however,  it  broke  over 
the  out«r  rampart  and  passed  down  the  present  valley  of  Ihe  Sagi- 
naw.    At  the  greatest  extent  of  the  ice  Michigan  was  completely  anil 

I  undoubtedly  smoothly  covered  with  it.  Of  int«r-Glacial  periods,  with 
accompanying  forest  beds  and  other  deposita  interstratified  with  tht 
till,  the  evidence  is  not  very  clear  in  Michigan.  This  is  a  point  of 
importance,  as  such  inter-Glacial  beds  might  be  water-bearers.     The 

'  red  clay  described  by  Rominger  may  b©  such  an  iuter-Glacial  forma- 
tion.   Wood,  however,  is  not  uncommonly  found  in  boring  wells,  as  at 

I  Vasaar,  at  Paw  Paw,  in  Huron  County,  and  elsewhere. 

'      A  bed  of  gravel  or  bowlders,  which  is  porous  compared  with  the 

[•overlying  till,  generally  comes  just  above  the  bed  rook,  and  the  till 
itfielf  is  sometimes  composed  of  alternations  of  gravelly  clay  and  sand 
or  quicksand.  Such  alternations  and  buried  wood  might  be  explained 
by  the  oscillations  in  the  advance  and  retreat  of  the  ice  front  and  by 
the  shifting  of  the  ice  streams  from  seiisonto  season,  decade  to  decade, 
or  century  to  ceutuiy.  It  should  be  remembei-ed,  too,  that  caution 
must  be  used  in  interpreting  the  result's  of  mere  l)orings.  For  instance, 
a  3-foot  seam  of  sand,  reported  in  n  S-inch  Iwring  near  Saginaw,  wheu 
a  shaft  was  sunk  proved  to  be  merely  an  iri-egular,  nearly  vertical 
seam. 

It  can  not  be  said  that  below  the  present  surface  of  the  drift  such 
an  oxidized  and  eroded  surface  has  been  detected  as  would  plainly 
imply  an  inter-Glacial  period  of  considerable  duration.  Such  a  sur- 
face, especially  near  the  center  of  motion,  would  often  be  swept  away 
and  obliterated  hy  the  readvance  of  the  ice,  and  I  have  seen  few 
exposures  which  indicated  it,  for  erosion  has  not  gone  very  deep  siiitr 
the  last  disappearance  of  the  ice.  The  cliffs  north  of  Frankfort,  ami 
particularly  tlii'  valley  of  the  An  Sable,  would  seem  most  hopeful 
places  for  the  search.  I  should  t>e  puzzled  to  know  how  to  makesure 
of  its  existence  from  a  mere  well  record,  unless,  perhaps,  such  a  zoue 
being  reached  might  l>e  recognized  by  the  yielding  of  softer  water 
than  that  of  The  strata  above. 

The  comparative  husk  of  evidence  of  iuter-Glacial  epochs  in  Michi- 
gan, compared  with  States  farther  south,  can  not,  however,  be  wholly 
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accidental,  and  the  advance  of  the  ice  may  be  likened  to  the  tides 
rising  and  falling  on  the  shore.  The  highest  tides  of  spring  extend 
farther  than  the  others,  and  the  intervals  between  such  extreme 
tides  are  at  least  half  a  year.  Lesser  high  tides  occur  twice  a  ^ionth, 
and  the  common  tides  ebb  and  flow  every  day.  So,  down  the  beach, 
areas  but  rarely  reached  by  the  waters  and  uncovered  most  of  the 
time,  adjoin  those  generally  covered  by  the  waters.  Thus,  along 
the  Ohio  River — the  line  of  the  greatest  extension  of  the  ice — its 
presence  must  have  been  comparatively  brief  and  its  visits  few, 
while  in  Michigan,  nearer  the  source  of  the  ice,  the  inter-Glacial 
periods  may  have  been  partly  or  wholly  absent  and  certainly  must 
have  been  shorter.  When  the  ice  finally  retired,  a  lobed  arrangement 
of  the  ice  front — two  large  lobes  on  each  side  of  the  Marshall  cir- 
cumvallation  and  a  smaller  one,  the  Saginaw  lobe,  passing  directly 
over  it — were  conspicuous  and  remained  the  most  important  features 
in  determining  the  topography  of  the  State.  (See  map  of  the  Pleis- 
tocene deposits,  PI.  11.) 

The  general  theoiy  is  that  the  ice  retired  first  from  the  higher  lands; 
the  Saginaw  ice  lobe,  therefore,  retired  first,  and  bounding  it  on  each 
side  were  two  deeply  reentrant  cusps,  which  may  be  said  to  be  the 
topographic  axes  of  the  State.  Naturally,  streams  issued  from  such 
cusps,  draining  away  the  water  from  the  wasting  glacier,  so  that  the 
typical  form  in  which  cusps  appear  is  that  of  a  stream  valley,  much 
wider  than  the  present  stream,  charged  with  gravel  and  bowlders — 
valley  trains — and  heavily  belted  with  moraines.  This  concentration 
of  till  and  detritus  on  the  highest  parts  of  the  rock  fioor  naturally 
forms  the  highest  parts  of  the  State  (see  fig.  10). 

The  eastern  cusp  follows  fairly  closely  the  dividing  line  between 
the  drainage  into  Lake  Erie,  Lake  St.  Clair,  and  Lake  Huron  (direct), 
and  the  drainage  into  Saginaw  Bay  and  Lake  Michigan.  It,  and  also 
the  other  cusp,  is  marked  by  a  belt  of  country  crowded  with  lakes. 
Of  the  western  cusp,  Mr.  Leverett  thinks  that  he  can  determine  the 
moraines  on  the  Michigan  side  from  those  on  the  Saginaw  or  east  side, 
by  the  fact  that  the  latter  contain  many  more  pebbles  of  a  bright  red 
jasper  conglomerate.^ 

Thus,  at  the  extreme  southwest  of  the  State,  where  the  cusp  first 
entered,  Mr.  Leverett  refers  to  the  Saginaw  lobe,  because  it  bears 
many  red  jasper-conglomerate  pebbles,  the  morainic  belt  (see  PL  II) 
which  passes  northeast  from  Niles  and  goes  througli  Kendall,  in  the 
northeast  corner  of  Van  Buren  County.  Therefore  the  first  position 
of  the  cusp  would  lie  between  it  and  the  stronger  ridge  just  west, 
which  undoubtedly  belongs  to  the  Michigan  lob6  and  is  known  as  the 
Valparaiso.     In  confirmation,  Mr.  Bate,  a  surveyor  of  much  experi- 

>  My  own  observations  agree  so  ter  as  tliey  go,  bat  the  fact  is  singular.  The  conglomerate 
and  jasper  in  qneation  appear  to  come  from  the  original  Hnronian  area  on  ThesMdon  River  In 
4;^wii^,  and  one  woold  think  that  they  would  find  their  way  rather  into  the  Michigan  than  into 
the  Huron-Saginaw  lobe. 
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enee  in  the  region,  stBt*«  that  the  red  jasper-conglonierate  i«  fibundiuit 
in  Montmorency  County,  but  scarce  or  absent  in  Otsego  Coiimy, 
except  near  the  eastern  line.  It  is  to  be  noticed  that  on  the  nitp 
(PI.  II)  these  moraine  belts  have  their  separate  color,  and  the  mon? 
important  areas  of  sand  and  gravel  deposited  by  streams  draining  the 
ioe  front  arc  also  delineated,  althongh  many  smaller  areai«  of  gravel 
and  sand  and  stream  channels  are,  for  the  sake  of  lilearneas,  omitted. 
A  different  color  is  devoted  to  those  areas  over  which  the  ic*  fituA 
retreated  more  rapidly,  making  less  conspicuous  ridges. 

Both  cusps  were  evidently  gnided  by  the  higher  land  of  the  M»^ 
shall  sandstone  ontcrop.  As  the  eastern  cusp  worked  northeast  th« 
upper  valleys  of  the  two  St.  Joseph  rivers,  the  Tiffin  (whose  drainage 
area  has  been  preyed  on  by  the  Raisin),  and  the  upper  Huron  River 
above  Dester,  which  probably  drained  o!l'  at  one  time  past  Adrian  and 
possibly  earlier  found  its  way  into  the  Ohio,  were  successive  outlets 
of  discharge.  Farther  northeast  the  drainage  has  been  lai^lj'  ^ea^ 
ranged,  though  the  upjier  parts  of  the  ('linton  River,  and  later  the 
northern  forks  of  the  Flint  River,  the  Cass  River  on  the  Saginaw 
Valley  side,  and  the  Black  and  its  branches  on  the  other,  ser%-ed  for  h 
time.  The  old  summit  swamp  referred  to  by  Taylor'  may  also  be 
mentioned,  and  in  Huron  and  Tuscola  counties  a  number  of  channels 
are  known  which  evidently  drained  the  ice  front  but  are  too  numerous 
to  be  indicated  in  a  general  map.  High  deposits  near  the  angle  are 
found  at  Metamora,  between  Deanville  and  Brown  City,  and  near 
Verona.  JUiUs. 

For  the  other  cusp  Dowagiac  Creek  served  at  first  and,  with  St. 
Joseph  River,  [iinii-ed  into  the  Keokuk  thai  vast  expanse  of  gravel 
which  is  found  in  its  upper  reaches  in  Indiana.  Then  passing  north, 
through  a  belt  full  of  lakes,  down  the  valley  of  tlicThornappIe,  it  may 
be  followed  up  the  valley  of  Flat  River,  and  ])ast  Mecosta  into  the 
Muskegon  Valley.  In  the  Muskegon  Valloj'  there  is  a  stream  which, 
first  by  way  of  Mecosta  and  Barrj-ton  and  then  by  the  main  stream, 
received  the  cusp  drainage  for  a  considerable  time.  Thus  the  cusji 
may  bo  followed  into  Oscoda  County.  From  this  point  on  the  oriiri- 
nal  cusp-drainage  lines  have  again  been  so  disturbed  and  reversed 
that  it  is  hai-d  to  trace  them.  Probably  the  high  points  near  Ot.iego 
Lake  were  at  one  angle.  An  old  channel  sqcius  to  pas.s  near  Valen- 
tine Lake.  But  the  ice  soon  retired  and  allowed  the  water  lo  flow 
freely  all  around  the  peninsula. 

The  lines  of  retreat  of  these  cusps  are  bordered  with  mi>raini'  liill>, 
composed  of  the  debris  left  bv  the  ice  front  where  it  tarried  long  or 
readvaneed.  Moreover,  the  ranges  of  moraine  hills  ai-o  crowdc^l 
together  and  are  higher  toward  the  lines  of  cusp  retreat,  for,  these  hills 
being  nearly  parallel  to  the  direction  of  ice  advance  and  retreat,  a 
general  advance  or  retreat  in  the  ice  fi-out  made  only  a  slight  differ- 
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Buce  in  their  position.  Of  course  such  moraine  belts  are  stndded  with 
small  tama — deep  lakes  of  water  caught  between  the  various  rows. 
Some  of  the  moraines,  especially  the  higher  ones,  which  do  not  mark 
readvances  so  much  as  the  edge  of  the  cusp  dump  grounds,  are  exceed- 
ingly sandy,  with  hardly  any  clay,  and  in  such  cases  the  lakes  fre- 
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qiiently  have  no  outlets.  Lakes  of  another  variety  are  formed  in  the 
following  way.  The  moraine  belts  are  frequently  cut  through  by  chan- 
nels which  served  as  vents  for  streams  coming  forth  from  the  moraine. 
Oaly  a  few  of  these  channels  are  indicated  on  PI.  11.  One,  well  marked, 
ie  formed  by  the  upper  valley  of  Willow  Creek  in  T.  16  N.,  R.  13  E., 
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higher  lands  to  drains^  is  jnst  the  reverse.  Henoe  it  is  subJAct  to 
rearrangement.  The  Lower  Peninsula  of  Michigan  might,  were  it 
closely  and  accurately  contoured,  become  a  classical  land  for  the  study 
of  the  phenomena  of  stream  capture.  One  can  see  it  taking  place 
.  even  now.  Ditches  are  found  of  which  one  end  drains  into  one  river 
valley,  and  the  other  end  into  another  river  valley  (e.g.,  south  of  Bad 
Axe,  T.  16  N. ,  R.  13  E, ),  but  little  by  little  one  stream  will  come  todrain 
the  ditch  more  than  the  other. 

Instances  of  reversed  drainage  are  therefore  not  uncommon.  One 
instance,  previously  cited  by  students,  is  that  the  lower  part  of  Dow- 
agiao  Creefe  has  been  reveised  so  that  the  St.  Joseph  now  flows  up  it 
and  to  the  lake  that  way,  instead  of  south  to  Keokuk,  as  formerly. 
Another  clear  case  is  in 
Huron  County,  where  the 
apper  Willow  occupies  a 
valley  once  aGlacial  outlet 
by  way  of  the  Cass  to  the 
south.  In  fact  Shebeon, 
Pinnebog,  and  Pigeon  riv- 
eiB,  especially  the  last,  are 
Oicroaching  on  the  Cass 
and  will  probably  deprive 
it  of  the  North  Fork  that 
comes  down  from  Huron 
County.  ThePigeon,  using 
a  Glacial  channel  to  the 
Cass  that  it  has  reversed, 
has  already  effected  an  en- 
trance into  the  main  valley 
of  the  North  Fork  of  the 
Cass.  Man  is  assisting  in 
this  readjustment,  for  it  is 
obviously  to  his  interest  to 
reclaim  the  rich  lands  of  the  swamps  and  the  drained  lakes  along 
the  shortest  possible  lines. 

The  streams  which  drained  the  ice  front  have  many  features  that 
make  them  an  easy  prey  to  pirate  streams.  In  the  first  place,  flowing 
along  the  higher  lands,  with  a  circuitous  course,  tliey  have  easy  grades, 
which  weaken  their  power  of  erosion.  In  the  second  place,  the  ice 
streams,  of  which  they  are  now  deprived,  carved  valleys  much  too 
large  for  them  and  brought  down  much  debris — more  than  the  present 
streams  can  handle;  and  much  of  the  debris  was  so  coarse  that  there 
is  a  constant  tendency  for  the  water  to  percolate  through  the  sand  and 
gravel  and  do  no  erosive  work  whatever,  except  some  little  chemical 
erosion,  which  leaves  the  beds  even  more  permeable  than  before.  This 
ia  quite  noticeable  in  the  North  Fork  of  the  Cass,  the  bed  of  which 
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nf  tbeir  uomber 
>  tveaty-dve  in  tbe 
I  fr.  *  K,  B.  •  W.|  alMBL  They  are  of  great 
■  «C  ^mu  frnpftr,  IS  Rsn-roir»  which  tend 
It.  when  tber  disappear,  as  for- 
i  ?h-ll-:!:;ir'.  ^ubsj^il.  that  has 
pr^'T-T-i  ■^.i-i-r:^;."  i-Lir-.^r-i  :■:■  ■.'v'.-rT  A:ii  ■rher  •■ulrutv.  The  accom- 
pac— li.^  .ll::^"ri-;  -.  ?L  m.  f .  sh.;Ti  ^  fe^-i  <:■:  ■•ni. ms  <m  such  laDil. 
I:  i*  th-^  --^n:-.:  rvr-r  ■.■;  l^i^ — -'--r  ?La11..'W  '.ak«r  ■■'t  ihe  interlctbate 
'Iraina.rt — »-hi-.i,  i~  r^TJ^.'iillv  ILsely  :..■  r-^  :hu*  filleil.  The  remarks 
'rt-jnofrniin^  rh-e  lai-r:-  ■>:'  thr-  KilaE:AZi>-'  River  Basin,  page  54,  apply 
vt-rj-  nearlv  :..  icy  ."ht-r  parr  ■■!  :he  Low^r  IVninsula  above  the  Udp 
of  '.h^  r/A  ;ak-  ei".cnsi.;.Q.-i,  -.ijlorv^i  V.-je  on  PI.  II. 

TJn;  f'^:i<jwin;;  'Jes-iTipti'.'ii  h;i?  (■e^n  taken  frjiu  an  imprinted  j>aper, 
hy  Pr'.f.  <:.  A.  I>av:s.  read  V-:..re  rh-  Nitanieal  section.  :Mi('hi^'an 
Acavitrmy  of  S.-iffnees,  ^vin?  a  imiphii-  ■iescriptinn  of  these  (wols: 

"  Tlie  lakes  of  the  .<rate.  exclasiv  .*f  th>-  (Ireat  Ijikes.  cover  an  urea 
of  i,iii;.>  M/juare  miles,  or  more  than  7M.""'  acres,  or  about  ^l-  of  the 
Urtnl  area  of  the  State,  and  they  are  so  -iistributed  that  there  is  hartily 
a  lKil.arii.ll  in  .Mic-hifran  who  can  not  readily  reach  one  or  mure  of  them, 
"'llio  rtmail  lakes,  partioniarly  those  of  The  Lower  Penin.sula,  are 
i^omHiiinlylepressions  in  the  drift,  shallow  ami  not  of  large  extent, 
frc<)iii-ritly  partially  tlllod  iit  around  the  margin  with  the  remains  nf 
foriiKT  gi-rieralions  of  plants,  so  that  many  cif  the  typical  features  of 
liikeH  of  hilly  or  inonntainons  regionsarc  partly  siippres.-^etl  or  entirely 
Wauling.  Tlnwe  lakes  belong  to  recent  geolo};ical  time,  and  this 
iintiniihUnily  accounU  for  Home,  iit  \Wav  \^v.\iN:vi,T\VW^,     Kv  fnr  the 
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larger  number  of  them  exhibit  the  following  features.  A  small  sheet 
of  water,  roughly  elliptical  in  shape,  bordered  by  a  marshy  area  of 
varying  width,  or  on  two  or  more  sides  by  low,  abruptly  sloping,  sandy, 
or  gravelly  hills.  The  marshy  tract  is  frequently  wider  on  the  south 
than  on  the  north  side,  and  its  character  varies  from  a  quaking  bog  at 
She  inner  margin  through  a  sphagnous  zone  into  a  swamp,  in  which 
ihe  prevailing  trees  may  be  tamarack,  cedar,  or  spruce.  The  plants 
tf  the  sphagnum  zone  are  characteristically  those  of  the  boreal-life 
one,  and  in  such  lake  margins  we  find  northern  plants  reaching  their 
outhern  limits.  The  quaking  bog  is  usually  a  lakeward  extension  of 
ie  shore  plante  and  is  a  closely  woven  turf  of  the  roots  and  root- 
ocks  of  various  species  of  CareXy  Cyperus^  grasses,  and  at  its  outer 
argin  consists  sometimes  of  Typha  latifoUum  and  Sparganium  eury- 
rpuni.  In  the  larger  lakes  the  marshy  border  maj^  not  extend 
tirely  around  the  margin,  but  it  is  usually  noticeable  along  the 
uthern  shore,  where  it  may  be  of  considerable  extent,  while  the  rest 
the  shore  is  entirely  without  it." 

Most  of  the  lakes  of  Michigan  belong,  in  origin,  to  the  two  classes 
•eady  described,  i.  e.,  they  are  either  inclosed  between  moraine 
[ges  or  are  left  as  pools  in  the  kame  plains  of  sand  and  gravel. 
ukes  of  these  two  classes  are  usually  more  than  750  feet  above  tide. 
general,  the  regions  of  numerous  lakes  are  the  regions  of  crowded 
iraine  belts,  and  they  may  be  approximately  traced  in  this  way. 
it  thei*e  are  two  or  three  other  classes  of  lakes  that  deserve  mention. 
First,  there  is  a  class  of  lakes  which  arise  from  the  erosion  of  lime- 
tne  into  caves  that  finally  tumble  in  and  produce  sink  holes. 
Loagh  there  are  some  indications  of  sink  holes  in  the  Carboniferous 
lestones,  lakes  of  the  sink-hole  class  are,  so  far  as  known,  practi- 
lly  confined  to  the  lower  Devonian  limestones  (Traverse  and  Dun- 
e)  and  occur  only  in  the  extreme  southeast  (Otta-wa  Lake,  T.  8  S., 
6  E.)  and  northeast  (e.  g.,  sec.  32,  T.  33  N.,  R.  6  E.)  of  the  State. 
Second,  there  is  a  class  of  lakes  which  may  be  in  part  in  rock  or 
>raine  basins,  but  which  owe  their  distinct  existence  to  the  fact  that 
e  Great  Lakes  now,  or  at  a  higher  stage  of  water,  have  built  sand 
.rs  across  the  mouth  of  long  bays  and  have  thus  cut  them  off  from 
e  main  body  of  water.  Such  lakes  are  frequently  less  than  25  feet 
ove  the  water  level.  A  good  illustration  is  the  lake  to  the  right  in 
e  view  of  Sleeping  Bear  Point  (PI.  V),  or  Pine  Lake,  near  Charle- 
»ix,  which  is  now  reconnected  by  an  artificial  channel  with  Lake 
Lchigan  (T.  34  N.,  R.  8  W.),  and  it  is  easy  to  see,  from  the  map  or 
jm  PI.  IV,  that  Grand  Traverse  Bay  might  be  converted  into  such 
lake. 

Some  of  the  lakes  are  nothing  more  than  old  river  valleys  flooded 
^  the  tilting  of  the  earth's  crust  and  the  consequent  encroachment  of 
e  lake  on  the  land.  This  is  a  class  not  clearly  separate  from  the 
hers.  Such  lakes  occur  by  the  score  along  the  west  coast  of  Michi- 
kn  from  Kalamazoo  River  to  Frankfort,  and  a^eim\iCi\i^  ^v^yK\wt^<5^ 
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river  valleys,'  but  the  bars  built  across  their  months,  are  as  in  the  I 
second  clasB.  ' 

If,  as  Pi'ofessor  Gilbert  has  said,  the  land  is  rising  to  the  northeast 
at  the  rate  of  5  inches  a  century  for  each  100  miles,  it  is  easy  to  m 
that  such  a  stream  as  Saginaw  River  will  also  tend  t^^ibe  ponded  back: 
and,  in  fact,  so  tar  ns  current  is  concerned,  Saginaw  River  is  nowbnt 
a  long,  narrow  take. 

When  the  ice  lobes  retired  so  that  the  heights  of  the  rock  surfM* 
lay  in  front  of  them,  crowned  by  a  heavy  moraine,  the  water  gatheml 
in  front  of  thorn  in  groat  lakes.  The  debris  brought  by  titreams  in 
the  ice  was,  in  thifl  case,  laid  down  more  smoothly  and  stratified  *itli 
the  clay  that  aocorapanied  it.  Thus  the  topography  of  these  nioraiaai 
laid  down  under  water  is  far  more  gentle  than  that  of  the  earlier 
ridges.  On  the  east  side  the  lake  in  front  of  tht<  Huron-Erie  lobe,  u 
shown  by  Gilbert  in  the  Ohio  reports,  drained  off  past  Fort  Wayne 
into  the  Mauinee,  and  the  waters  of  this  lake  level  were  about  220  feet 
above  Ijako  Erie  or  7t<5  feet  above  tide  fevol.  Toward  the  north  the 
beach  lines  are  at  a  somewhat  higher  level,  the  change  to  water-lwd 
topography  oocuiTing  somewhere  about  800  feet  above  tide. 

In  the  center  of  the  State  a  lake  was  penned  up  in  the  Saginsf 
Valley,  as  recognized  by  Winohell  and  Mudge,  and  flowed  down  Grand 
River.  The  highest  water  of  this  lake,  as  seen  in  the  sandy  gravda 
around  Alma  and  Pompeii,  seems  to  have  been  about  700  feet  above 
tide,  so  that,  as  the  swamps  south  of  Ashley  are  a))out  S5  feet  above 
Lakes  Michigan  and  Huron  (i.  p.,  667  alwve  tide),  the  water  would  have 
stood  atKiut  100  feet  deep  in  the  channel,  nnlefw  it  has  graduallj" 
scoured  it  down  to  present  level.  It  is  no  wonder,  llicii,  that  Iho  drill 
was  scoured  down  to  the  rock  at  Grand  Rapids  and  Ionia.  It  flowoii 
into  the  lake  which  had  been  similarly  formed  in  the  lower  end  iif 
Lake  Michigan  and  was  draining  over  info  the  .Mississippi  liy  (Lo 
recently  reopened  Chicago  outlet.  This  lake  was  at  first  at  least  '■"' 
to  100  feet  aIx)vo  the  present  lake  level,  or  680  feet  atwve  tide,  ami 
probably  tnore. 

As  the  ice  retired  the  lake  east  found  a  nnniber  of  <lrainage  chan- 
nels across  the  Thumb  through  Sanilac  and  Huron  counties,  ii.'*  intli- 
cated  in  PI.  11.^  Finally  free  communication  was  opened  around  ilif 
Thumb  in  Ilnron  County.  This  piodueed  a  slight  but  precepliMe 
drop  in  the  water  level  of  the  eastern  lake,  but  thereafter  it  remahied 
relatively  permanent,  and  is  marked  by  a  well-defined  gravel  line,  iml 
perfectly  horizontjil  but  rising  a  little  to  the  nort.h.  This  may  Iw 
explainetl  by  the  removal  of  the  attraction  of  the  ice  mass  to  llie 
north,  or  by  a  subsequent  tilting.  Around  Ypsilanti  (T.  3  S.,  R.  TE.) 
itis  750  feet  above  tide,  while  in  Iosco  County  (sec.  30,  T.  3-  N.,  R.  'iE.) 
it  is  about  775  feet  above  tide,  and  in  Huron  County,  north  of  Verona 
(T.  16  N.,  R.  i:)  E.),  it  is  about  774  feet  above  tide. 
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lake  rlays,  and  In  slightly  less  degree  to  bowlder  clays  or  till,  known 
among  -tlrfllers  at*  "hardiiati."  Regions  of  thiH  type  are  mainly 
included  in  the  sectious  (lolnred  blue  and  light  bwff  on  the  map  (PI.  IIj 

2.  Saiiiiy  regious  will  at  some  depth  yield  a  supply  of  water.  Bui 
a  distinction  must  be  made  between  the  luLudy  Iielts  of  the  lake- 
washed  region,  in  which  the  sand  and  gravel  ai-e  a  vary  dry,  superficial 
eoatinp  to  the  clay  beneath,  liable  tfl  contamination  and  likely  to  fail 
altogether  in  dry  seasons  like  1835,  and  the  heavier  sand  and  grsTil 
regions,  which  represent  drainage  from  the  ice  sheet,  tsnch  as  the  greM 
gravel  plains  of  the  Murikegon,  the  Manistee,  and  the  well-named  Au 
Sable.  In  such  plains  water  is  found  at  oonsidenible,  often  at  great, 
depths,  but  the  supply  once  rean-hed  is  abundant.  The  heavy  sand 
regiousare  mainly  colored  brown  and  crosshatehedon  themap(PLIl). 

3.  The  alternate  advances  and  retreats,  whether  of  ice  or  of  lake. 
have  l<mdt<d  to  produce  au  alternation  of  deposits  more  or  Iosb  olayej. 


!     I 


li  1 1 


If'  th.  1 

^^  Iran 


It  is  easy  to  see  that  in  the  case  of  a  lake  such  rtepoiits  will  d  p  slighth 
from  the  lake  margin  toward  the  lower,  deopei  paita  ot  thi  lak  tnit 
twin.  ]{ut  the'same  thing  is  true  also  of  ice.  The  ioe  from  wimlil 
retire  fi-om  the  highlands,  leaving  an  apron  of  gravel  in  front,  nn<l  i  hen 
a  little  change  of  climate  would  produce  a  readvanee,  in  which  U 
would  roll  up  the  apron  ahead  of  it  or  roll  over  it  and  dejKJsit  a  gravel 
clay  (ground  moraine)  upon  it.  Or,  if  it  i-etii-ed  so  far  as  to  leave  ;i 
lake  between  it  and  its  past  position,  it  might  push  the  lake  clays  on 
top  of  the  shore  gravels  of  this  lake.  That  is  iu  uiany  cji.ses  what  has 
occuiTcd.  In  some  cases,  of  course,  the  pervious  bed  is  enliiTly 
desli-oyed;  but  often  the  pervious  bed  remains  a«  a  good  .souii-e  nf 
water,  and  has  head  enough  to  produce  a  flow.  Close  to  the  lake- 
ward  side  of  prominent  moraines,  shown  upon  the  map  (PI.  II),  flow.-i 
from  the  drift  may  be  exi>eeted.  The  cross  section  near  Rose  City 
(fig.  S)  illustrates  this  principle.     In  the  midst  of  momine  regiims 
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there  is  confused  and  broken  topography,  springs  are  common,  and 
there  are  often  small  groups  of  flowing  wells  in  the  low  grounds. 

4.  The  ice  was  very  likely  to  leave  some  gravel  in  all  sheltered,  i.  e., 
southern  sloping,  parts  of  the  rock  surface  or  the  valleys  therein.  If 
the  rock  itself  was  not  impervious  there  was  some  circulation  of  water 
along  it  which  leached  out  channels.  Thus  it  is  the  rule,  though  not 
'without  exceptions,  that  just  above  the  rock  surface  there  is  a  water- 
bearing stratum. 

METHODS. OP  SINKING  WELLS. 

While  the  wells  in  the  rock  have  been  almost  invariably  drilled,  there 
has  been  considerable  variety  in  the  method  of  putting  down  wells  in 
the  drift,  and  a  brief  recapitulation  may  be  suggestive. 

First,  of  course,  are  the  dug  wells.  Where  experience  has  shown 
that  many  bowlders  and  stones  are  likely  to  be  encountered,  digging 
will  probably  prove  the  most  Economical  method.  Wells  are  dug  2  feet 
or  more  in  diameter,  and  are  variously  cased.  From  all  parts  of  the 
State  come  complaints  that  wooden  casing  soon  rots  and  makes  the 
water  foul,  and  is  almost  always  used  longer  than  it  ought  to  be. 

Another  form  of  casing  is  stoning,  where  stones  are  plenty.  The  dis- 
advantage of  stoning  is,  however,  that  it  does  not  keep  out  the  sur- 
face waters. 

Where  stone  is  scarce  brick  casing  is  often  used,  also  large  crocks, 
or  sewer  pipe  about  2  feet  in  diameter.  Properly  sealed  against  sur- 
face water,  these  make  excellent  casings,  though  fragile  and  likely  to 
be  cracked  by  uneven  settling  of  the  earth. 

A  plan  followed  in  some  extra  deep  drift  wells  and  worthy  of  wider 
adoption,  is  the  use  of  a  boiler  plate  shield  and  the  cementing  of 
the  well  as  it  is  dug.  Mr.  E.  R.  Phillips  has  his  well  in  Bay  City 
cemented  down  to  its  bottom  and  a  bed  of  charcoal  and  clean  sand 
therein — an  excellent  plan  for  those  who  must  use  wells  in  unsatisfac- 
tory localities. 

The  disadvantage  of  combining  a  dug  basin  with  some  other  form 
of  well,  and  the  various  disadvantages  of  a  lack  of  thorough  casing 
are  described  on  page  72. 

Another  kind  of  well  is  the  driven  well.  This  is  a  great  favorite  in 
the  sandy  and  gravelly  districts  of  the  areas  covered  by  Glacial  drain- 
age deposits  (colored  brown  and  crosshatched  on  the  map,  PI.  II). 
In  the  heavy  clays  of  the  lake  clay  areas  (colored  blue  on  the  same 
map)  it  is  quite  common  to  use  an  earth  auger  and  bore  down,  and 
this  may  be  combined  with  driving  where  necessary. 

The  chief  difficulties  encountered  are  stones  too  large  to  be  pushed 
aside,  which  have  to  be  dynamited,  quicksand,  and  fine  sand,  like 
that  of  an  hourglass,  which  runs  in  faster  than  it  can  be  pumped  out. 
In  going  through  strata  carrying  quicksand,  work  should  be  contin- 
ued night  and  day  without  interruption.  I  do  not  know  that  artifi- 
cially freezing  or  cementing  the  quicksand  bed  has  ever  been  tried  in 
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he  State,  tliough  it  would  be  orteclive.  It  would  seem  that  especialljf 
B  case  of  quicksand,  a  hkkIo  of  sinkiag  wella  illustmLed  liy  PI.  Ill, 
t,  might  prove  very  effective.  Tliis  method  cousists  of  forcing  down, 
D  a  smaller  pipe  within  the  casing,  a  current  of  water,  under  a  rerj 
troD^  head  (sometinies  sttiam  is  also  used),  which  scours  out  the  soils 
tad  lets  the  eaHing  drop  as  it  is  tapped.  There  is  thus  no  opportunity 
\tr  the  sand  beyond  the  reach  of  the  very  strong  current  to  pile  in. 
%e&e  quicksand  beds  sometimes  contain  water,  but  the  well  becomts 
BBily  clogged  if  its  point  is  near  quicksand. 

EASTERN  SHORE  DISTRICT. 

For  the  purpose  of  detailed  description  the  State  may  be  dividH 
Bto  seven  sections.' 
In  the  eastern  shore  tiistriet  is  included  nearly  all  the  country  which 
lopes  off  to  tlie  east  from  the  land  water-laid  moraines  along  the  east 
^  pai't  of  Huron  County  down  to  Monroe.     The  surface  soil  is  pre- 
mninantly  clay.     This  is  varieil  by  strips  of  sand  aloDg  the  streams, 
pmposed  of  successive  deltas  and  old  shoi-e  lines  more  or  less  parallel 
9  the  lake,'  along  which  the  ridge  roads  often  run.     On  tlie  clay  do 
nrface  wells  can  be  obtained  and  deep  wells  prevail.     On  the  sand 
idges  shallow  surface  welLs  can  be  obtained,  but  are  likely  to  fail  in 
ry  times  and  are,  besides,  at  all  times  liable  to  pollution.     In  boring 
own  an  imi>ervious  lake  clay  or  a  gravelly  clay,  generally  known  M 
^ardpan,  is  found.     Int;erlaminated  streaks  of  gravel  are  few  and  nol 
uniform,  except  that  generallyjust  above  bed  rock  there  is  a  porous 
wafer- bearing  soam.     In  the  extreme  south  of  this  district  throiiyli 
Monroe  C'ouiily,  from  Ottawa  I-ake  to  Sibleys  (an  area  colored  rtil 
on  the  miip,  PI.  VI),  limestone  outcrops  are  found,  and  the  drift  is 
accordingly  shallow,  but  in  jmssing  to  the  northwest  there  is  very  soon 
encountered  about  80  feet  or  so  of  the  blue  and  gravelly  clay.    When' 
this  clay  overlies  the  limestone  sulphuieted  hydrogen,  which  may  also 
spring  fi-om  the  decomposition  of  the  sulphide  of  iron  in  the  drift,  is 
generally  accumulated,  and  the  deeper  wells — the  so-ca!lt'd  sulphur 
springs — are  heavily  charged  with  it.     Where  black  shale  underlies— 
and  there  is  black  shale  both  above  and  below  the  Berea  gi-it — burn- 
ing gas  is  very  likely  to  accumulate,  and  often  excites  surpi'i.-iiug 
hopes.     Most  of  the  deeper  wells  in  Wayne  are  charged  with  one  or 
the  other  of  these  two  gases,  but  no  largo  permanent  supply  can 
be  expecti'd  from  them,  though  in  many  cases  they  might  foi'  a  lime 
furnish  a  house  or  two  with  a  convenient  fuel.     Flows  of  water  from 
gravel  beds  are  not  uncommon  throughout  this  region,  and  the  numlwr 
iiud  strength  of  (lows  increase  from  the  shore  back  toward  the  moraine. 

I  After  making  those sei-tions  I  nott-il  thai  there  wBsnatriking  paraUplism  brlween  the  rejjioD!' 
to  which  I  had  dividad  tlio  Stat.;  ati<l  Miitio  itiCo  whii;h  Protewior  Wheeler  haii  divided  it  tor 
iid7  oF  flornl  distribnlion. 
I  In  Hui'oii  Cgunty  the  Duu-ki'dly  wiidy  kIHim  are  Wtu^iIS,  W  to  ll!i,aad  Itnto  1U3  feet  abovii 
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Lere,  too,  the  section  of  the  drift  becomes  less  monotonous,  and  there 
B  more  interlaminated  gravels.  At  about  750  feet  above  tide,  on 
e  border  of  the  moraine,  on  a  line  along  through  Britton,  York, 
ilan,  Ypsilanti,  North ville,  Birmingham,  and  Rochester  to  North 
reet,  back  of  Port  Huron,  one  may  be  reasonably  sure  of  striking 
iter  which  will  rise  nearly  if  not  quite  to  the  surface  of  the  ground 
id  frequently  overflow.  The  water  of  these  wells — e.  g.,  that  of  the 
psilanti  waterworks — is  of  excellent  quality.  Farther  down  the 
ope  the  drift  beds  are  less  porous  and  the  water,  if  obtained,  is 
tely  to  be  too  highly  charged  with  gas  and  mineral  for  comfort. 
Through  this  district,  therefore,  the  sources  of  water  supply  may 
3  summarized  as  follows: 

(1)  Lakes.  Only  the  Great  Lakes  are  of  practical  importance  and 
•e  the  only  satisfactory  supply  for  large  towns. 

(2)  Surface  wells.  The  wells  are  generally  very  shallow  and  exhaust- 
de.  Wells  from  gravel  or  sand  ** pockets"  in  the  clay  are  very 
Qcertain,  but  are  likely  to  flow  for  a  time.  The  Pagoda  spring  of 
[cunt  Clemens  appears  to  belong  to  this  class,  but  yields  more 
•eely  than  is  usually  the  case.  Toward  the  upper  margin  of  the 
[strict  the  supply  is  more  abundant. 

(3)  Wells  from  base  of  drift.  These  are  almost  always  present;  the 
ipply  is  ample  and  the  flow  probable.  They  are  free  from  contami- 
ation,  and  are  somewhat  highly  mineralized,  but  probably  not  to  a 
Bgree  to  render  them  useless. 

SAGINAW   VALLEY   DISTRICT. 

In  this  district  is  included  the  drainage  of  Saginaw  River  and  part 
I  the  surface  drainage — about  to  the  750-foot  line  and  including  the 
art  once  covered  by  Lake  Saginaw.  The  rock  surface  is  exceed- 
igly  variable.  The  old  coal  measure  plateau  was  cut  up  by  gorges 
[X)  to  over  200  feet  deep,  which  are  more  extensive  than  can  be 
liown  on  the  map  (PI.  VI).  But  the  present  surface  is  flat  and  is 
aried  only  by  the  valleys  which  the  larger  streams  have  cut  from  10 

>  30  feet  below  the  plain.  First  with  moraine  till,  and  then  with 
iie  lake  clays,  the  rough  rock  surface  has  been  plastered  nearly 
[nooth.  Thus  the  depth  of  surface  deposits  is  not  uniform,  varying 
rom  even  0  to  500  feet,  but  being  generally  about  80  to  100  feet, 
'inally,  sand  ridges  frequently  occur  about  25  feet  above  the  lake, 
tien  again,  as  near  Hemlock  City,  about  70  feet  above  the  lake  (655 
bove  tide),  and  again  about  160  feet  above  the  lake  (742  to  7G6  feet 
bove  tide),  as  at  Alma,  ithaca,  Gagetown,  and  Cass  City. 

These  sand  ridges  yield  surface  water,  easily  exhausted  and  liable 

>  contamination.     On  the  clay  lands  between  them  the  farmers  have 

>  go  deeper  for  water,  and  rarely  fail  to  find  it.  In  most  places  there 
re  beds  of  quicksand,  which  yield  water  under  the  clay  and  very 
ften  gravel.     Waters  from  these  horizons  always  rise  well,  and  in 
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Qftiiy  places  flow,  p»p«!i»lly  miar  Ilif  700-foijt  contour.  The  quiet 
«ti<l  wells,  however,  eitsily  dug  up  ftiid  are  short  lived.  The  qnnliiy 
if  the  wftter  Is  not  so  unexceptioimblo  m  the  qa»ntily.  Il  is  .eeDerallr 
lard  and  iii>(  infrequently  somewhnt  DiiimmUz<Ml.  But  ihnmgtioui 
ill  this  region  aa  good  water,  with  aa  gooil  or  beM«r  hwvd,  can  usdhUj 
»  obtained  from  nnderlj-ing  sandstones. 

To  the  southeast  in  this  distriet  the  drift  (touting  ts  very  thin,  froa 
I  to  40  feet,  and  ont^-rops  in  tlie  streams  occnr;  but  toward  llie  in* 
ho  ooftting  becomes  thicker.  Thus,  at  St,  Johns  it  is  141  tak 
leep;  at  Midland,  198  to  300  feet;  »t  Mount  Pleasant,  2o0  to  350;  at 
Joleman,  .'WHI;  and  the  grestost  known  depUi  of  drift  in  this  dit 
rict  lies  lit  Alma,  V.i&  feet.  To  the  northwest  in  this  region  it  wffl 
»  esceptioiiiil  cnses  and  exploration  for  oth«r  things  than  wain 
phieh  will  load  wells  lo  rock.  Esj)ecially  is  this  true  since  ample 
supplies  of  flowing  wat«r 
generally  bo  obtained  from  lt» 
quicksands,  which  are  very  dif- 
ficult to  drill  through.  It  will  be 
noted,  moreover,  that  this  part 
of  the  r^on  lies  in  a  soathvost 
direction  from  the  gjpsuui  qIla^ 
ries  of  Alabaster.  This  is  the  di- 
rection of  Glacial  motion.  Henct 
it  is  not  surprising  t<»  find  gyiisniD 
disseminated  through  the  drift 
Prof.  C.  A.  na\-is  has  called  at- 
IvutUiii  U<  n  [(on-kU'i-  ..f  yypsum 
as  targe  Jis  two  lists,  which  licilis- 
c'overed  near  Aliiia.  This  is  i-er- 
taiiily  c\t'c]>lional,  iind  is  of  interest  as  showing  the  rcc(.'u1  date  nf  ii-e 
movcnieut.  A  certain  amount  of  gypsum  is  disseminated  t  hi'oii,i,'li  iIip 
drift  in  this  region  and  gets  into  the  water.  I'his  is  ino.st  niarkwl  ;tl 
Mount  Pleasant  and  in  the  region  immediately  around,  as  at  I.witi'ii. 
Here  the  wells  in  the  drift,  whether  deep  or  shallow,  are,  williont 
exception,  iK?rniauently  hard  and  highly  impregnated  with  sulphali;  at 
lime.  These  mineral  waters,  though  free  from  bacterial  <'(HHaiiiiii;i- 
tion  and  not  likely  to  ])n>dueo  typhoid  and  diphtheria,  are  said  in  W 
injurious  to  the  bowels  and  bladder  of  certjiin  eonstitulinns,  wliiV 
Ihcy  might  l>e  what  others  need.  Persons  in  this  region  wh.)  i.-mi  in 
a  uric  acid  diatliesis  might  liud  fdtered  rain  water  liclier  than  paiciii 
niedioines.  A  trfw^o  of  common  salt,  or  lithium  carbonati'  or  smlir 
sulphate,  might  be  addt-d  to  remove  the  flat  taste  of  the  water. 

Thisdistriet,  is  much  like  the  fii-st  except  (hat  gas  is  not  cuiniucin  in 
the  well.s.  The  wells  in  surface  sjinds  aiv  usually  siiaJlow  and  easily 
exhausted  in  dry  times.  Deeper  wells  iu  iiuicksaud  or  grave!  in  or 
under  the  clay  can  generally  be  obtaiiieil,  liiit  the  walei'  is  often  very 
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hard.      The  thickness  of  drift — i.  e.,  depth  to  bed  rock — is  quite 
Irregular,  but  is  much  greater  to  the  northwest. 

One  practice  common  in  this  district  but  not  confined  to  it,  which 
can  not  bo  too  strongly  deprecated,  is  drilling  from  a  basin  or  dug 
well  and  letting  the  water  resulting  flow  directly  into  the  ba«in,  the 
upper  basin  remaining  as  pervious  as  ever.     The  way  in  which  this 
practice  arises  is  simple  and  natural.     A  farmer  l>egin8  by  a  dug  well, 
perhaps  16  feet  down  in  the  surface  sands,  as  in  fig,  9.     In  a  dry  sea- 
son like  that  of  1895  his  well  goes  dry.     He  borrows  an  augur  and 
bores  down  through   sand  and  then  through  the  clay,  say  20  feet 
more,  and  strikes  another  porous  bed  full  of  water  under  a  good  head, 
which  rises  and  Alls  his  well  up  far  enough,  and  he  stops  satisfied. 
But  in  the  first  place  the  impervious  clays  through  which  he  has  bored 
will  probably  creep  in  and  fill  the  hole,  and  in  a  few  years  the  work 
will  have  to  be  repeated.    In  the  second  place,  suppose  that  the  well 
is  eased  from  the  bottom,  or  that  the  flow  from  the  lower  pervious  l)eds 
is  so  strong  as  to  keep  the  hole  open;  in  dry  times  the  water  from  the 
lower  bed  will  still  work  out  sidewise  through  the  stone  curbing  into 
the  upper  beds  that  have  gone  dry.    Thus  the  head  of  the  lower  beds 
will  be  wasted,  and  some  neighbor  who  has  had  a  flowing  well  from 
that  bed  may  suddenly  find  his  flow  stopped,  while  he  himself  will 
have  to  exert  himself  more  than  should  be  necessary  in  operating  the 
pump.    Again,  if  there  is  a  strong  flow  upward  from  the  lower  beds, 
sand  may  be  carried  up  in  sufficient  quantities  to  fill  the  upper  well 
and  leave  a  cavity  around  the  bottom  of  the  hole  through  the  impervi- 
ous  beds,  into  which  they  will  finally  fall  and  seal  the  well,  even 
though  the  beds  themselves  are  eased.    Finally,  there  is  nothing  to 
prevent  a  rainy  season  from  reversing  the  process — raising  the  water 
level  in  the  upper  beds,  changing  the  current,  and  contaminating  the 
supply  with  rain  water  and  surface  drainage,  so  that  the  certainty  of 
purity,  which  might  easily  be  obtained,  is  lost. 

If,  however,  as  shown  by  the  dotted  lines,  the  hole  is  cased  and  the 
casing  continued  to  the  surface,  the  head  of  the  lower  l>ed  will  be 
preserv^ed,  risk  of  contamination  removed,  and  the  life  of  the  well 
lengthened. 

NORTHEASTERN  SHORE  DISTRICT. 

This  district  is  occupied  mainly  by  the  drainage  valley  of  Thunder 
Bay  River,  with  the  lower  reaches  of  the  streams  which  drain  into 
Huron  Bay  between  it  and  the  Tittabawassee,  and  the  streams,  mostly 
small  and  in.significant,  which  lie  to  the  north  of  Thunder  Bay  River. 

To  the  southwest  of  this  district  lies  the  high  interior  moraine 
which  surrounds  the  Muskegon,  marks  most  sharply  the  outline  of 
the  Michigan-Saginaw  cusp,  and  probably  includes  the  highest  points 
of  the  peninsula  (e.  g.,  1,465  feet,  at  Jim  Cook's  knob,  on  the  north 
line  of  sec.  34,  T.  24  N.,  R:  2  E.,  and,  it  is  said,  1,682  feet  near  Otsego). 
Near  West  Branch  the  disMlslJiiiiliolies  nearest  the  waters  of  l^zL^b 
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I  lake,  and  Ihero  and  at  Wolverine  the  descent,  from  over  1,200  feet  to 
I-  tees  than  700  feet,  is  very  abrupt,  especially  in  the  stream  valleys. 
[  This  region  is  hut  newly  settled  and  is  still  in  large  part  wilderness. 
The  general  character  of  the  district  is  somewhat  as  follows :  Arouuc! 
.  the  nnclBus(lhe  central  district)  of  8an«t'pIains,abont  1,1  SO  feet  above 
'  tide,  except  as  cut  by  river  valleys,  rnns  a  moraine,  which  is  mainly  iir 
attimesentirelywjvei'ed  with  sand  and  frequently  rises  over  1,400  fwl 
1  above  tide.  (See  flg.  8.)  There  is  also  another  sand  plain,  aboutas 
I  high  as  the  inner  sand  plain  but  narrower,  and  then  a  moraine,  only 
^about  1,200  feet  above  tide,  which  is  clayey  and  clothed  with  hard 
I  wood,  esjwcially  cm  its  northerly  or  easterly  side.  Then  the  moraine 
'  Is  deeply  gnllied,  and  there  is  a  rapid  drop  to  about  960  feet  above 
I  tide,  where  there  are  again  extensive  sand  plains.  Inclosing  these  Is 
I  another  broken  clayey  morainal  belt  frequently  1,OC>0  feet  above  tide. 

I  and  then  another  drop  brings  ns  to  about  800  feet  above  tide.     Below 

ithia  the  moraines  are  less  marked,  and  gravel  ridges,  produced  as 
shore  beaches,  replace  the  extensive  overwash  sand  plains  of  the 
higher  regions,  studded  with  jack  pine.  The  soil  becomes  clay  with 
,  streaks  of  sand,  rather  than  sand  interrupted  by  lines  of  clay  hille. 
In  other  words,  there  is  a  series  of  encircling  moraines  as  shown  on 
PI.  II,  and  between  each  moraine  and  the  one  next  within  the  valley 
the  space  has  been  filled  with  sand,  shown  in  brown  and  crosshatched, 
■nearly  to  the  level  of  the  outer  moraine,  and  often  covering  it  heanly. 
In  the  sandy  regions  water  may  l)e  obtained  from  surface  sand,  thoii|,')i 
it  may  be  quite  deep.  Whenever  streams  like  the  Au  Sable  or  Aii 
Gres  have  cut  down  through  the  sands  to  underlying  clays  sprinffs 
occur,  jind  they  are  abundant  in  this  rejjion. 

The  drift  through  nil  this  region  is  probably  deep,  and  the  clay 
moraines  probably  mark  epochs  of  readvance  of  the  ice,  whon  it  was 
likely  to  override  the  sand  deposits  formed  in  front  of  it  in  its  relrpiii. 
In  the  few  deep  wells  already  sunk  deposits  of  sand  and  gravel  aie 
found  under  the  clay  and  till.  Wells  sunk  into  them,  especially  noar 
the  moraine  belts  on  the  north  and  east  sides,  may  be  expected  \» 
find  plenty  of  water  with  considerable  head.  Fig.  8,  from  conditions 
at  Rose  City,  will  show  how  favorable  are  the  conditions  for  arlesiati 
wells.  There  are  high,  sandy  gathering  grounds  <m  llie  side  south  or 
west  of  the  moraine, and  higher  semi-impervious  grounil  with  hi^^'her 
water  level  between  the  gathering  ground  and  the  discharge.'  Flow- 
ing wells  may  be  expected,  therefore,  all  along  from  West  Branch  I'ast 
Rose  City  to  Indian  River. 

On  the  moraine  belts  the  same  sheets  of  water-bearing  gravel  may 
be  struck,  but  the  height  to  which  the  water  will  rise  in  the  well 
depends  on  the  altitude. 

On  the  sand  plains  to  the  southwest  of  a  moraine  belt  it  will  lie 
necessjuy,  except  in  low  spots,  to  go  deepfor  even  surfac*'  water.    There 

;.>™ditiiins..tnrtu.iiiiin-t'lla,  l.yT.  t:.Cljaiu)»rliu:  Fifth  Aun.  Repl 


LAHB.]  NORTHERN   SHORE   DISTRICT.  75 

are  a  great  many  fine,  undeveloped  water  powers  in  this  region,  and 
lakes  are  quite  numerous.  The  quality  of  the  water  is  generally 
excellent.  It  is,  of  course,  hard,  and  it  has  been  stated  that  80  per 
cent  of  horse  diseases  are  due  to  hard  water.  The  water  is  not  suited 
to  boiler  use.  But  the  hard  water  of  this  region  probably  differs 
from  that  of  Saginaw  Valley  and  around  Mount  Pleasant,  in  that  its 
hardness  is  largely  temporary,  as  letting  the  water  stand  removes 
some,  and  boiling  or  breaking  with  quicklime  all,  of  the  hardness, 
which  consists  of  lime  and  iron. 

On  the  other  side  of  Thunder  Bay  River  a  smooth  moraine,  which 
covers  an  underlying  limestone  ridge,  gently  rises.  The  coating  of 
drift  is  shallow,  the  underlying  limestones  are  pervious,  and  it  is  often 
necessary  to  go  down  into  rock  to  obtain  a  permanent  water  supply. 

Throughout  this  district  there  are  many  ponds.  In  some  the  water 
is  said  to  be  quite  soft.  The  ponds  are  either  clay  moraine  tarns, 
crooked  lakes  left  in  abandoned  channels  of  the  old  ice  drainage,  or 
sometimes  sink  holes  and  valleys  in  the  limestone.  At  present  their 
main  worth  is  to  the  hunter,  the  fisherman,  and  the  lumberman,  but  the 
time  may  come  when  they  will  be  useful  as  reservoirs  for  mill  streams 
or  as  town  water  supplies.  In  most  of  this  district  good  water  supplies 
can  also  be  obtained  from  the  rock,  though  at  considerable  depths. 

WBStERN  SHORE  DISTRICT. 

There  is  much  greater  difficulty  in  defining,  by  natural  characteris- 
tics, this  district  than  some  of  the  previous  ones.  There  is  a  series  of 
moraines  which  come  diagonally  down  toward  Lake  Michigan  (see 
PL  V),  becoming  gradually  lower,  more  extended,  and  more  undu- 
lating in  contour.  The  moraines  are  heavily  swathed  in  gravels,  sands, 
and  clays  of  the  valley  trains  which  lie  between  them.  At  the  extreme 
north  of  this  district,  from  Bay  View  and  Petoskey  southwest,  there  is 
a  rock  ridge,  and  there  is  probably  also  a  rock  ridge  from  Grand 
Rapids  northwest  into  Oceana  County,  where  the  drift  covering  is 
comparatively  thin.  Between  these  ridges  the  drift  is  very  thick,  so 
that  only  the  deep  salt  or  mineral  wells  strike  rock,  which  is  encoun- 
tered 500  or  600  feet  down.  Probably  the  relief  of  the  rock  surface  is 
considerable.  This  thick  layer  of  drift  is  generally  varied  in  section, 
as  the  wells  at  Big  Rapids,  Traverse  City,  etc.,  show,  and  various 
sands  and  gravels  yield  water;  and  on  lower  grounds,  as  at  Traverse 
City,  at  the  Nochemo  springs  (really  wells),  near  Reed  City,  around 
Empire  and  White  Cloud,  and  at  Mecosta,  flows  are  likely  to  occur.  The 
level  of  the  flows  at  these  places  is  below  that  in  the  adjacent  country, 
but  on  the  higher  grounds,  as  about  Walton,  especially  on  the  great 
sand  and  gravel  plains  which  are  so  pronounced  a  feature,  it  is  often 
necessary  to  go  100  feet  or  more  to  reach  water.  Usually,  however, 
water  can  be  reached  by  a  drive  well,  and  of  course  water  at  such  depths 
is  steadier  in  supply  and  freer  from  some  forms  of  contamination. 


nchl 

)wl 

let*  I 
foot 


78     WATEE  RESOURCES  OF  LOWER  PENINSULA  OF  MICHIGAN.    H 

'makes  a  great  diCFeretioe  in  the  cost  of  drilling.  Wtjile  for  S-inch 
Iioles  in  the  softer  strata  (the  coal  me-asuresor  Coldwater  shalai) 
.eentsa  foot  has  beenastandArd  rat*  and  vrill  yield  good  waj^sif  thet* 
'  is  no  special  difficiilty  encountered,  some  specially  hard  layer  of  »  foot 
may  take  moi'e  tioie  than  all  the  rent  of  the  well ;  and  in  general  through 
the  State  wells  have  cost  about  •!  a  foot.  Usually  half  the  tiiut 
st  least  in  drilling  a  well  is  consume)!  in  overcoming  exe©|»t!onal  diffi- 
culties and  in  making  repairs. 

In  mere  churn  drillings  coal  is  diflBcnlt  to  distinguish  from  black 

shale,  at  least  to  determine  ile  exact  thickness;  though  an  expert,  by 

turning  the  drill  'JO  degrees  each  time  and  thus  getting  lai^r  piooes, 

and  by  noting  eapeciallj'  the  peculiar  crunch  under  the  drill,  which  nny 

'  be  felt  if  the  hand  is  on  the  rope,  may  ascertain  approximately  tlu 

nature  and  thickness  of  a  deposit.     Gypsum  or  pla8t«r  is  nnothentutv 

'  stance  which  is  often  noi  recognized,  and  which  it  is  highly  important 

'   to  avoid  if  good  drinking  water  is  desired. 

Usually,  just  before  striking  through  shale  into  a  strong  stream  of 

water  with  a  good  head,  a  certain  springiness  of  the  churn  drill  b 

noticed  by  the  driller,  which  warns  him  that  some  new  developnienl 

may  soon  be  expected,  and  it  is  common  to  find  a  red  layer  or  a  hanl 

't  cap  (specially  (charged  with  pyrite)  or  crust  just  before  piercing  « 

I  stratum  containing  salt  wat«r.     Is  not  the  sulphur  of  the  ferrous  siii-   i 

I  phide  of  the  hai-d  cap,  or  the  ferric  oxide  of  the  red  shales  derived   ' 

from  the  sulphates  of  the  brine? 

A  description  of  the  rock  series,  not  primarily  from  the  view  of  the  ] 
paleontologist  or  genera!  c*""!""'^'"  li"f'  from  th)il  oF  the  seeker  ufttr 
water — fresh,  (iiediciiiiil,  (irmilt — follows. 

CARBONIFEROUS  FORMATION. 

JACKSON   COAL   MEASURES   TU   MARSHALL   I^AXIISTl  )NE. 

The  central  part  of  the  State,  a.'i  shown  by  the  map,  PI.  Vl,  and  hy 
the  cn)88  section,  fig.  10,  is  occupied  by  a  .series  of  rocks  belonging  to 
the  Carboniferous  formation,  in  some  respects  not  unlike  llie  cual 
measures  of  Ohio  and  Indiana,  with  some  beds  that  can  1h'  closely 
paralleled  with  those  coal  measures  and  yet  with  such  marked  i>oiHis 
of  differeuco  as  to  render  it  probable  that  for  most  of  the  time,  ;ii 
any  ritte,  there  was  little  or  no  continuous  connection  witli  any  olln-i 
State,  but  that  the  rocks  were  laid  down  in  an  inland  sea,  lK't«trii 
Cana<lian  highlands  on  the  north  and  flat  reaeh>  if  the  cmer<rLin; 
continent  on  the  south.  At  the  base  of  the  series  is  a  heavy  whiif 
sandstone — the  Napoleon  or  Upper  Marshall — which  is  very  massive 
and  thick  to  the  east  and  southeast,  as  shown  in  fig.  12,  but  become? 
somewhat  thinner  towai-d  the  north,  although  it  is  rarely  less  than  5*' 
feet  of  well-defined  water-bearing  simdstone.  It  lies  directly  under 
the  drift,  as  the  map  shows,  through  most  of  the  broad  Indt  of  higher 
land  that  extends  from  the  Thumb  dowu.  \x>  llUlsdale  County.     It  is  a 
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rolific  water  bearer,  yielding  numerous  flowing  wella  at  a  moderate 
epth  (250  feet)  throughout  the  vest  part  of  Huron  County  to  Sebewa- 
ig.  Under  Tuscola  county  it  continues,  as  at  Fairgrovo,  though  at 
eese  it  is  getting  a  little  too  salt,  and  so  along  past  Flint,  Vassar,  and 
Irch  Run,  to  Cornnna,  Lansing,  and  Mason.  Along  this  line  and  soath 
[lereis  usually  good  water  in  this  formation.  There  is  frequently  above 
Ilia  formation  intensely  salt  or  bitter  waters,  pierced  on  the  waygoing 
own,  which  must  be  cased  out.  Itseems  that  to  the  northwest  an  arm 
f  the  sea  was  cut  off  from  the  ocean,  where  evaporation  exceeded  pre- 
ipitation,  depositing  the  gypsum  beds  which  extend  from  Alabaster 
nd  Soule,  in  Huron  County,  to  Orand  Rapids,  and  saturating  the  rocks 
"ith  a  very  salt  brine.  This  formation  has  no  parallel  in  adjacent 
tales,  and  hence  is  known  as  the  Michigan  series.     It  consists  of  light- 
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)Iored  blue  or  gray  shales,  hydraulic  limestones,  and  gypsum  beds 
s  extent  to  the  southeast  seems  to  be  somewhat  irregular,  as  it  lies  in 
itys  and  synclinals  in  the  Marshall  sandstone.  It  can  be  followed, 
rea  where  it  does  not  outcrop,  by  its  effect  on  the  mineral  waters. 
In  fact,  in  many  parts  of  Lower  Michigan,  where  outciops  of  bed 
tek  are  scarce,  important  geologic  data  can  thus  be  gathered.  In 
inch  of  our  work  in  Huron  County,  Professor  Davis  and  I  discarded 
16  familiar  tools  of  the  geologist,  the  hammer  and  the  compass, 
nd  instead  carried  a  urinometer  and  a  small  leather  case  containing 
arium  chloride  (IlaCl,),  for  sulphate  test,  silver  nitrate  (AgNO,),  for 
tilorine  test,  ammonium  oxalate — (NH,),CjO, — for  lime,  and  seme- 
mes tannic  acid,  for  iron,  and  went  from  farm  to  farm  inquiring 
le  depth  to  rock,  etc.,  and  testing  the  waters.  The  line  between  the 
'^pper  Marshall  or  Napoleon  and  the  Michigan  series  was  traceable, 
larply  within  a  mile,  by  the  reaction  for  sulphates  which  the  latter 
aries  gave,  and  by  a  rapid  increase  In  total  min«t«>l  cfinVft.v^.    '^\ca 
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I  purely  objective  line  agreed  with  reports  as  Ut  the  nature  of  the  rocks 
and  the  rare  outoropa.  (Compare  PI.  VI  and  fig.  12.)  For  rutther 
[  details  reference  may  be  made  to  the  forthcoriiint;  report  of  the  State 
'  geological  survey  im  Huron  County. 

It  ia  not  uncommou,  however,  to  find  good  fresh  water  in  the  Mar- 
^tfiall  sandstones  directly  beneath  the  Michigan  series;  there  seem  to 
F  Ik  two  reasons  why  the  »alt  water  has  not  worked  down  and  chat^ 
t  the  Marshall  saudstoue. 

'  In  the  first  place,  as  the  Marshall  sandstone  outcrops  all  aroDnd 
,  under  tJie  high  land,  there  is  a  strong  pressure,  nearly  if  not  quite 
I  enough  to  make  the  water  in  the  center  of  the  basins  rise  to  the  sur- 
I  face.  TliuH  the  tendency  is  for  the  water  to  work  up  rather  lh«i 
I  down  in  the  lower  central  parte  of  the  Michigan  Baaiu,  which  nn 
[  overlain  by  the  Michigan  series  and  by  the  out^irops.  This  lendenc)' 
i  htm  been  shown  in  hundreds  of  wells  for  fresh  wat^^r  and  in  duzene 
of  wells  for  brine,  whieli  liave  been  put  down  iu  the  Saginaw  Valley. 
The  Marshall,  toward  the  eonter,  liecomes  deeper  and  more  salt.  It 
I  1b  the  source  of  the  brines  of  Sagiuawand  Bay  City,  of  the  brominifer- 
I  ous  brine  of  Midland,  St.  Louis,  and  Alma,  and  probably  of  that  of 
I  Big  Rapids;  it  is  almost  saturated  with  salt.  The  salt,  however,  is 
I  not  derived  from  above,  since  it  is  comparatively  free  from  gypsum. 
At  one  time  the  wells  in  the  Saginaw  Valley  made  a  really  noticeable 
^  reduction  in  the  percentage  of  salt  contained  in  the  brine.  They 
may  have  drawn  in  fresh  water  from  the  sides  to  replace  the  brine 
extracted  at  the  middle  of  the  basin.  The  Marshall  sandstone  ia 
genenilly  ensy  drilliiiK- 

Tho  overlying  Michigan  series  from  Bay  I'orl  to  Saginaw,  Midland, 
Alma,  and  Grand  Itapids  is  a  triiie  over  200  feet  thick.  The  positiMii 
and  thickness  of  the  gypsum  and  hydraulic  limestone  beds,  which 
are  intercalated  in  the  prevalent  series  of  gray  or  blue  sJiales,  are  not 
constant.  To  a  certain  extent  this  appearance  may  be  iliie  merely  to 
imporfe<!t  i-e<;oi-ds.  Some  of  the  gypsum  beds  are  iiuite  extensivtv 
To  the  southeast,  even  around  Sebewaing,  tlie  gypsum  feathers  out. 
Of  its  character  t-u  the  north  little  or  nothing  is  known.  Wat^jr  from 
the  Michigan  series  is  generally  scanty  or  strongly  mineralized,  i  >cca- 
sionally  pyritifei-ous  beds  and  cherty  limestones  make  hard  drilliiii:. 
A  change  of  ctiinato,  or  more  likely  a  slight  depression  uiakiii^ir  au 
open  sea,  probably  caused  the  deposition  on  l(»p  of  the  Michiiiiiii 
series  of  a  aeries  of  cherty  limestones  and  sandshmes  of  an  entirely 
diflferont  character  fn»m  those  of  the  Michigan  series — almost  exjHlU 
paralleled  by  the  MaxWUe  limestone  of  Ohio  and  rich  in  similar  fos- 
sils. In  this  series  I  am  now  incline<l  to  include  not  only  the  Graml 
Rapids  limestone  but  Winchell's  Parma  sandstone.  The  sections 
and  borings  at  Bay  Port,  at  Chaiity  Island,  and  elsewhere  have  con 
vinced  me  that  limestones  and  sandstones  are  intimately  intercalate"! 
at  this  liorizum.  Many  of  the  sandstones  are  highly  cross  I>edded,  sml 
aci-ording  to  the  observatioua  ot  \\\e  -^vW^v  ate  a^^arently  mere  s;iu<I 
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bars.  This  is  noted  in  the  drill  cores  of  the  Bay  Port  quarry  explo- 
rations by  Rominger,  who  called  it  an  unconformity,  also  on  Charity 
Island,  and  by  Winchell  in  his  original  description  of  the  Parma 
around  Jackson.  The  Bay  Port  limestone  has  the  strongest  possible 
resemblance  to  the  Grand  Rapids  limestone  in  character  and  in 
fossils,  and  both  are  intimately  associated  with  and  underlain  by 
sandstcmes. 

The  brines  of  this  horizon,  as  pointed  out  by  Garrigues,  run  higher 
in  sulphates  of  lime,  etc.,  and  lower  in  earthy  chlorides  than  do  those 
of  the  Marshall;  this  is  in  harmony  with  the  general  theory  of  the 
upward  pressure  of  the  waters  of  the  basin.  The  Parma  sandstone 
is  not  always  recognizable  as  distinct  from  the  Marshall,  although  to 
the  north  from  Bay  Port  it  can  be  fairly  well  traced  to  Sebewaing, 
Bay  City,  Midland,  Alma,  and  as  far  as  Ithaca  to  the  southeast 
toward  Corunna  and  Flint.  As  the  Michigan  series  feathers  out  this 
Parma  sandstone  either  feathers  out  also  or  merges  in  the  great  shore 
development  of  the  Marshall  sandstone.  (See  fig.  10.)  I  now  think 
that  the  record  of  the  Jackson  well  is  misinterj^reted.^  The  Parma 
and  Marshall  are  both  probably  merged  in  the  great  sandstone  from 
83  to  373  feet  below  the  surface,  the  dividing  line  being  perhaps  near 
200  feet,  while  the  blue  sandstones  at  415  and  660  feet  are  probably 
merely  minor  beds  of  the  Lower  Marshall  or  Cold  water,  respectively — 
Cuyahoga  formations,  especially  as  they  are  not  free  water  bearers. 

Returning  once  more  to  the  Parma  horizon — that  of  the  Grand 
Rapids  and  Bay  Port  limestones — the  water  is  usually  hard,  but  at 
Bay  Port  it  is  quite  pure,  and  no  doubt  is  the  water  horizon  of  mauy 
wells  besides  those  at  Ithaca,  especially  in  the  region  about  Mason, 
Lansing,  Owosso,  and  Birch  Run,  where  thus  far  it  can  hardly  be 
separated  from  the  Marshall.    It  has  been  but  little  used  for  brine. 

Above  the  Parma  comes  a  varied  series  of  black  shales,  fire  clays, 
black  band  iron  ores,  and  coals  and  sandstones.  The  sandstones 
usually  yield  water,  but  the  water  is  generally  quite  mineralized 
(being  occasionally  prescribed  for  the  sick)  and  is  sometimes  a 
brackish  water  which  cattle  drink  greedily.  Wells  in  the  coal  meas- 
ures generally  have  a  good  head,  and  frequently  flow.  The  sand- 
stones are  generally  white,  except  well  up  in  the  series,  while  to  the 
northwest,  around  Ionia,  Ashley,  St.  Johns,  St.  Louis,  and  in  Gar- 
field Township  (T.  16  N.,  R.  3  E.)  there  are  records  of  a  red  sand- 
stone, which  Winchell  called  the  Woodville  sandstone.  This  red 
sandstone  also  yields  water  which  is  rather  strongly  mineralized,  but 
it  is  yet  little  known,  and  it  can  not  be  said  how  far  the  red  color  is 
due  to  surface  oxidation.  In  some  cases  it  appears  too  thick  for  that 
and  reminds  one  of  the  upper  barren  coal  measures  of  Ohio  and 
West  Virginia,  and,  as  at  Saginaw,  it  appears  to  be  quite  uncon- 
formable on  the  coal  measures  proper. 

1  Oeol.  Sarrey  Michigan,  VoL  V,  Part  II,  1886,  PL  XXIU. 
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usBt-mrrioii.  Above  the  Parma  at  Mid- 

(-].  .'i.^  i-«Q*u«.  land  (see  fig.  11),  or  combin- 

ing the  well  records  at  St 
Iwi^"'*'^""""""'"'  Louis  and  jVliiia,  there  isa 
series  of  coal  measarestOO 
to  600  feet  thick,  and  sand- 
.^i,.M .  s,,.  „..  i"!  1  T„  %r  r.  stones  are  verj-  ubUDdaot  in 
the  upper  half,  but  are  also 
very  irregular — niereehan- 
nelfl  which  will  here  cul 
entirely  through  a  ooal  settm 
which  a  few  feet  away  will 
be  as  strong  as  ever.  One 
bore  hole  has  found  noooal, 
and  30  feet  away  one  put 
down  later  for  water  pasaed 
through  3  feet  o|  coal 
These  sandstone  channels 
have  been  excellently  ex- 
hibited in  some  of  the  Jack- 
son coal  mine  plans  hy  i. 
Holoroft, 

This  coal  basin  wasdeeply 
cut  into  by  stream  valleys 
before  the  ice  swept  over  il 
and  filled  them.  Hence  the 
depth  to  rofk  is  very  wu- 
eertain  and  is  more  uncer- 
tain toward  the  ntirlhwest, 
Tlie  shore  ridge  of  Marshall 
sandstone  sooeus  to  havc 
acted  as  a  divide  from 
which  the  streams  flowed, 
gathering  strength  as  they 
went.  The  abundance  of 
deepwellsin  Huron Coumy 
has  rendered  it  possible  i" 
trace  quite  accurately  in 
the  rock  contours  of  Pi. 
VI  one  valley  which,  com- 
ing down  from  Soule,  is 
deflected  by  the  Bay  Port 
limestone  and  passes  souili 
through  T.  Ii5  N.,  R.  10  E.. 
being  about  14U  feet  dei'p. 
whiloonthegeneralplaie;iu 
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around  the  valley  the  depth  of  drift  is  less  than  50  feet.  Thence  it 
passes  3  miles  southeast  of  Sebewaing,  then  close  to  Union ville,  and  on 
west.  There  are  irregularities  in  the  depth  of  wells  around  West  Sagi- 
naw and  Bay  City  that  indicate  spurs  of  this  valley,  and  the  nexf  well- 
marked  location  is  at  Midland,  where  some  wells,  like  those  near 
Hubbard  to  the  north,  find  only  about  200  feet  of  drift,  while  others,  at 
the  east  end  of  the  town,  find  300  feet  of  drift.  Wells  are  said  to  have 
struck  rock  at  76  feet  in  Mount  Pleasant,  but  on  the  other  hand  wells 
north  of  there  have  gone  160  feet,  wells  west  355  feet,  and  wells  south 
205  feet  without  striking  rock.  At  Alma  it  is  495  feet  to  rock,  and  at 
St.  Louis,  3  miles  away,  it  is  only  355  feet  or  less,  and  at  Ithaca  330  feet. 
At  Big  Rapids  it  is  600  feet  to  rock,  while  at  Ludington,  Manistee, 
and  Frankfort,  although  close  to  the  lake,  there  is  a  great  depth  of  drift. 
These  facts  indicate  clearly  enough  an  incised  valley  system  of  100-foot 
ravines,  and  also  seem  to  indicate,  contrary  to  Spencer's  very  natural 
hypothesis,  followed  by  Mudge,*  that  the  drainage  of  the  coal  basin 
was  toward  the  west  and  not  by  Saginaw  Bay,  both  because  the  depth 
of  the  ravine  steadily  increases,  and  also  because  the  limestone  ridge 
seems  to  run  continuously  across  the  mouth  of  Saginaw  Bay,  from  the 
islands  off  Bay  Port,  in  continuous  rock  bottom  to  Charity  Island, 
and  outcrops  ag^n  on  the  north  shore.  The  limestone  may  be  fol- 
lowed near  Omer  and  Prescott  at  a  higher  level  than  the  bottom  of  the 
valley  just  described.  The  rock  contours  of  PI.  VI  illustrate  these 
facts. 

The  troughs  which  Mr.  Mudge  assumes  represent  ^roughs  or  val- 
leys in  the  rock  surface  are  sufficiently  explained  by  the  Glacial  drain- 
age, which,  indeed,  Mr.  Mudge  has  pointed  out  for  the  Ionia  channel; 
and  the  very  fact  that  in  the  Ionia  channel  the  Grand  River  has  in 
two  distinct  places  struck  bed  rock  far  above  the  lower  rock  sur- 
face of  the  Saginaw  Valley  makes  the  supposition  that  it  follows  a 
rock  channel  rather  forced.  There  are  two  other  arguments  of  a 
general  nature  for  my  interpretation  of  the  rock  surface.  In  the  first 
place,  the  rock  ridge  seems  much  more  broken,  the  depth  of  drift  far 
more  irregular,  and  the  topographic  relief  greater  in  the  Grand  Trav- 
erse region  than  in  the  Thumb  of  Michigan,  which  indicates  that  the 
former  region  is  farther  downstream,  or  nearer  the  master  valley,  than 
the  latter.  In  the  second  place,  the  generally  iiccepted  theory  of  a 
greater  northern  elevation  of  the  land  preceding  glaciation  disproves 
the  supposition  that  the  gradient  from  Alma  northeast  was  reversed, 
and  makes  the  course  of  the  valley  from  Bad  Axe  to  Ithaca  even  more 
natural.  From  that  point  on  its  course  is  much  less  certain.  It 
seems  to  have  been  deflected  when  it  met  the  northwest-striking 
sandstones  and  limestones  beneath  the  softer  coal  measures,  at  the 
southwest  side  of  the  coal  basin. 


»  Am.  Jour.  Sci.,  4th  ser.,  VoL  IV,  1897,  p.  384. 
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I  CARBONIFEROUS    AND    DEVONIAN    SHALES. 

LOWER   MARSHALL   SANDSTOKE. 

.Beneath  the  heavy  Upper  Marshall  saadsUme  which,  as  has  already 
been  mentioned,  lines  the  shore  of  Huron  Connty  from  Rush  liake  to 
Hat  Point,  Ihere  arc  in  Haron  County  (aee  fig,  12)  abont  201)  feet  at 

,.Mrala  which  are  largely  sandy  flags  and  include  three  well-markeil 
8andstoue»,  ono  outcropping  at  Port  Austin,  another  at  Pointe  Aui 

I  Baniues,  and  another — the  famous  Huron  blue  stones,  used  for  whel- 
OtoneH  and  gi-indstones  throughout  the  United  States.  The  series  is 
very  ferruginous,  and  bods  often  become  red  and  friable  as  the  iron 
oxidises,  although  tliey  are  green  or  blue  when  fresh.  These  sand- 
nBtomis  may  be  trace<i  under  cover  by  wells  or  by  scattered  oubcrope 
tiirough  Huron  County  and  into  Sanilac  County.  Generally  the  sup- 
ply of  water  is  ample,  the  (quality  excellent  (alth<iugh  occasionally 
:mtty  streaks  occur  in  the  Lower  Marshall),  and  occasionally,  as  near 
.Bad  Axe  and  Port  Austin,  in  exceptionally  low  ground  there  art 

I  flows.  As  the  sandstones  are  traced  to  the  west  under  cover,  they 
are  aoou  lost,  except  when  they  merge  int«  a  belt  of  red  rock,  paint 
rock,  red  shale,  sandy  shale,  etc.,  in  which  form  they  may  be  traced 
i^uite  continuously  as  far  at  least  as  Saginaw  River.  They  are  evi- 
dently shore  deposits  of  no  wide  range  and  have  not  yel  been  success- 
fully  followed  individually  to  the  southwest.  They  are  transitioD 
beds  from  the  Upper  Marshall  or  Napoleon  sandstone  to  the  great 
ska^e  formatkm  below.  They  are  easy  to  <]riil,  aud  extend  the  wldili 
of  the  Marshall  belt,  from  which  good  water  ciui  be  ()blainod  a  rather 
indefinite  distantie  to  the  southeast. 

t'OLDWATER   SHALES. 

Fatlher  liowu,  iu  the  Coldwater  shales  pi-opcr,  the  samlstoue  seam- 
grow  tliiuucr  aud  fluer  grained,  aud  the  water  contained  is  more  apt 
to  Iw  salty.  Little  sheets  of  sandstone  cemented  by  carbonate  of  iron, 
as  at  Pointe  Aux  Baryues  light-house,  at  Sand  lieach,  aud  at  Rii-li- 
mondvillc,  are  found  at  various  levels  in  the  Coldwater  shales,  tiul 
in  general  this  formation  is  eomi>osed  of  fine-grained,  micaceous, 
bluish  shales,  easily  drilletl  and  very  dry.  In  Casevillc,  about  4"" 
feet  l)elow  the  llpi^r  Marahall,  is  a  brine  which  seems  to  be  I'aiil.v 
pereislent  ami  which  is  possibly  even  more  marke<l  to  the  norlhwvsi. 
Iu  outcrop  balls  of  carbonate  of  irou  are  frequent,  and  one  won(li'r< 
how  often  the  bands  of  limestone  recorded  as  encountered  in  drilling' 
are  nothinjj  but  such  balls. 

BEREA  SHALE  AXD  GRIT. 

About  1,000  feet  below  the  Upi)er  Marshall  the  shales   become 
blacker.    The  horizon  of  the  Berea  shale  recognized  in01ii<)isreaclit'd, 
^u  all  along  the  southeastern  part  of  the  State  the  Berea  grit  is 
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adautod  to  the  walla  at  CusTlllB  >ad  Sud  Be»ch 
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well  developed.  It  is  a 
horizon  well  known  for 
brine,  and  is  followed  to 
H  depth  of  1,050  to  1,750 
feet  at  Casevillo  and  at 
BlHckmar,  but  w  quite 
salt  even  when  not  very 
de4^p,  as  Hi  Forestville, 
Ann  Arbor,  and  Ypei- 
lanti.  At  tlie  latter  place 
it  seems  to  be  more  salt 
than  underlying  strata. 
It  may  be  the  source  of 
some  of  the  salt  in  wells 
about  Ray  (T.-tN.,R.  13 
E.),  Utica,  Wales,  and 
Rochester.  With  black 
shales  alwve  and  below  it 
is  not  surprising  that  the 
Berea  grit  frequently 
contains  ^as,  and  that 
many  of  the  wells  which 
strike  gas  immediately 
beneath  the  elays  seem 
to  be  located  over  its 
beveled  edge.  It  does 
not  tteem  to  be  a  marked 
topographic  feature,  nor 
does  it  break  llie  general 
valley  of  the  shales  above 
and  below.  The  Berea 
brines  are  of  very  good 
quality.  Where  recently 
struck  in  Bay  C^ity,  at  a 
depth  of  2,2(K)  feet,  it 
actually  flows,  which,  in 
a  concentrated  brine,  in- 
dicates a  considerable 
head. 

ST.  CLAIR  BLACK  SHALES. 
Thougli     the    Bedford 
shales    immediately    be- 
low the   Berea  grit  are 

uichinu,  often  blue  or  red  (oxi- 
hhSp;  ^j^^  y^^^^  ^^^^  g^^ 

becomes  ^7Qd'aT&.\v>».'&^^  «& 
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I  first  in  Htreaks  (C'levelan<I  shale),  bat  later  in  a  solid  mass  of  100  to 
SOO  feet  or  more  of  bituminous  nhale  nearly  equivalent  to  the  Ohio 

■  shale,  a  horizon  widely  marked  and  in  a  general  way  recognizable  all 
over  the  State.  Thia  Bhale  is  somewhat  sticky,  but  on  the  whole  is 
(Msily  drilled  and  i«  of  importance  as  lying  just  abos'e  the  horizons 
which  contain  most  of  the  more  famous  Ijath  waters  of  the  Statp. 
Prom  the  Marshall  down  to  the  base  of  tliewe  black  shales,  with  the 

;  possible  exception  of  the  Berea  grit,  there  is  no  horizon  of  much 
importance  either  for  brine  or  as  a  Honrce  of  wat«r,  and  in  regions 
where  these  formations  underlie  the  drift  the  proHpects  for  rock  wells 
for  drinking  water  are  not  generally  encouraging.     Of  coarse,  near 

I  the  outiSide  margin  good  water  may  be  obtained  by  drilling  through  t* 
lower  beds. 
In  general  this  great  series  of  shales  probably  makes  valleys  lying 

'  between  the  Marshall  sandstone  ridge  on  one  side  and  the  ridge  of 

"the  Dundee  limestones  on  the  other,  and  this  is  exhibited  in  the  rocli 

loontours  of  PI,  V'l  and  in  the  pock  profile  of  fig.  10. 

Verj'  remarkable  is  the  oconrrence  of  a  6-foot  bed  of  rock  salt  in 
this  foi-mation  at  Bay  City,  with  black  shale  immediately  above  and 
IkIow.  This  occurrence  seems  to  show  that  the  black  shale  is  not  a 
deep  aea  sargasso-like  deposit. 

LOWER  DEVONIAN  AND  UPPER  SILURIAN  LIMESTONES. 

TRAVERSE  SERIES  (HAMILTON). 
A  transition  series  between  the  black  shales  above  and  the  limp- 
sUau;  series  below  is  of  slight  importniico  in  the  south  part  of  lln' 
State,  where  it  is  about  80  feet  thick,  but  rapidly  increases  in  thii-k- 
ness  and  in  interest  toward  the  north.  Along  the  St.  Clair  River— iit 
Port  Huron,  and  elsewhere — it  has  tliickened  to  over  300  feet  and  i^ 
Bnbilivided  as  follows: 

Typival  seelkm  nf  aeries  beliifen  St.  Clair  black  xlialex  and  Duiidi'e  limivloin---: 

Hard  argillaceous  limestone _  _ . 3 

ahale.  argillaceous  Hoapstone __ _ li 

Limestonos,  "  top  Hmeatoneg,"  nrgillaceons.  of  ton  containing  gas '^i 

Shale,  "  to|>  soapatane,"  argillaceous    _ _ I  jii 

Limeatone,  "middle  liineatone,"  argillaceong  ..    ., _ i 

Shale,  "lower  aoapstono' , _   Ki 

Beneath  the  last  member  are  liglit-colored  Dundee  limestones, 
yielding  gas  and  mineral  water.  The  "middle  limestone"  is  noi 
always  recognized,  and  the  shales  arc  calcareous,  so  that  they  may  Iw 
considered  alternations  of  calcareous  shales  and  of  argillaceou.s  marls 
or  limestones.  The  division  into  a  top  of  limestone  and  a  bottom  of 
shale  can  be  traced  throughout  the  State.  t)n  the  north  side  of  ibi' 
basin,  from  Alpena  to  Charlevoix  and  Frankfort,  the  formation  is  51W 


Ulth,,., 
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generally  very  light  yellow  in  color,  is  full  of  flint,  and  is  very  hard,  1 
so  that  tho  drilling  is  slow  at  times.     It  effervesces  very  freely  \riUi 
acid,  and  some  of  the  layers  rank  as  the  purest  limestone  of  tl»e  States 
oontainiiig  98  per  cent  of  calcium  carbonate  (CaCOg). 

It  is  almost  always  more  or  less  permeated  with  water  which  is  ' 
charged  with  hydrogen  sulphide  (IIjS)  even  at  Petoskey.     When  under   1 
greater  cover  the  water  becomes  more  salty,  but  is  also  strongly  charged 
with  other  ingredients  than  salt — real  bittern,  or  mother  liquor — and 
IB  the  most  valued  mineral  water  in  Miehigau. 

Tho  deposit  of  celestite  with  native  sulphur  has  I)een  associated  1^ 
Professor  Sherzer  with  the  occurrence  of  traces  of  strontia  {SrO)  in 
these  sulphureted  watei-s.  Frequently,  also,  oil  or  gas  is  encountei-ed. 
In  spite  of  the  strength  of  this  brine  at  times  (at  Charlotte  the  sp6> 
cifie  weight  is  1.198)  it  is  too  impure  for  salt  manufacture,  and  ir 
mainly  important  medicinally. 

The  lino  between  this  formation  and  the  one  below,  being  anfr 
chiefly  between  limestone  and  dulumite,  can  be  surely  ascertaiued- 
only  by  the  use  of  acid.  Hent*  over  most  of  the  State  the  line  is  still 
f  uncertain. 

THE   MONKOE  ASD   8ALINA  BEDS    (LOWEK   HELDERBERG).  I 

Those  are  the  oldest  beds  exposed  at  the  surface  in  the  Lower  Penin- 
sula. Not  more  than  100  or  200  feet  of  these  betis  are  exposed  at  the 
surface,  but  borings  reveal  over  1,20()  feet,  if  with  Orton  we  include 
in  the  gi-oup  the  salt  beds  (SalJna).  The  beds  are  mainly  buff  dolo- 
mites and  calcareous  and  ai^illaceous  marls,  associated  with  anhy- 
drite and  rook  salt.  Near  the  top  a  bed  of  the  purest  while  quartz 
sand  (often  recrystallized),  the  Sylvania  sandstone,  extends  pei-sisl- 
ently  across  Monroe  County  and  can  be  traced  under  cover  at  least 
as  far  as  Mount  Clemens  and  St,  Clair  River.  This  sandstone  is,  of 
course,  a  good  water  Iwarer.  Near  Detroit,  while  at  about  -200  feet 
the  strongly  sulpliureted  waters  of  the  Dundee  are  reached,  at  alwni 
400  feet  compai'atively  fresh  potable  water  is  met,  and  it  seems  as  if 
it  might  be  worth  while  to  develop  further  this  horizon,  which  isproli- 
ably  also  encountered  in  YpsiUmli  and  Alpena.  Below  this  sandsloiu' 
the  salt  l>eds  and  brines  of  the  Salina  ai-e  reached.  Rock  salt  is  here 
in  single  layers  often  over  100  and  even  200  feet  thick;  its  ag;ire.;;;ilo 
thickness  can  not  be  estimated,  These  rock-salt  beds  extend  appai- 
ently  beneath  (or  at  any  rate  skirt)  the  whole  of  the  peninsula,  frmu 
Alpena  and  St.  Ignaco  down  to  a  line  drawn  from  Trenton  to  Muhki'- 
gon.  South  of  this  line  there  is  gypsum  (or  anhydrite),  but  nut  salt. 
A  group  of  six  wells  at  Trenton  shows,  within  a  few  hundred  yards,  the 
e.\act  margin  of  the  salt  basin. 

This  great  tliickness  of  siilt  suggests  tliat  there  should  have  been  a 
concentration,  as  at  Stassfurt,  in  (lermany,  of  the  rare  potash  ami 
bromine  salts  in  the  upper  layers.     The  earlier  SancfBeaeb  aualyse;^ 


n-l  DEVONIAN  AND   8ILURUN  LIMESTONES.  89 

dicated  such  concentration,  but  the  water  does  not  now  give  similar 
suits.  The  Mount  Clemens,  Somerville  Springs,  and  similar  waters 
e  clearly  of  the  nature  of  mother  liquors. 

These  salt  beds,  like  all  the  beds,  dip  away  from  the  St.  Clair  and 
Btroit  rivers  to  the  northwest,  but  after  descending  to  depths  of 
•obably  3,000  to  4,000  feet,  they  rise  again,  and  just  north  of  the 
raits  of  Mackinac  gypsum  beds  outcrop.  At  St.  Ignace  a  thin  bed 
salt  is  reported  only  400  feet  below  the  surface,  while  at  Alpena 
clc  salt  is  encountered  within  1,000  or  1,200  feet.  Though  the  Salina 
n  not  be  sharply  divided  from  the  formation  above  or  below,  the  fol- 
ding arrangement  may  be  suggestive:  at  the  top,  dolomites  and 
''pseous  marl  mark  a  time  of  desiccation;  then  comes  an  arenaceous 
domitic  limestone  passing  into  a  glass  sand — the  Sylvania  sand- 
one ;  then  some  more  beds  with  gypsum  and  sometimes  with  rock  salt; 
en  200  feet  or  more  of  somewhat  gypsiferous  dolomites;  and  beneath 
em  a  rapid  succession  of  thick  rock-salt  beds,  marking  probably  the 
•st  and  greatest  period  of  desiccation. 

NIAGARA  AND  CLINTON  FORMATIONS. 

These  formations  have  been  struck  only  southeast  in  Monroe 
>unty,  southwest  from  Kalamazoo,  and  north  at  Frankfort.  The 
ost  characteristic  part  probably  belongs  to  the  Guelph  formation — 
e  churn-drill  powder  being  almost  white — a  very  fine-grained  dolo- 
itic  limestone.  It  answers  to  Oi*ton's  description,  and  in  accord 
ith  his  remarks  of  the  change  from  southern  to  northern  Ohio,  I 
cognize  the  Rochester  *  shale  only  at  Wyandotte.  Generally  toward 
e  bottom  the  limestone  becomes  more  ferruginous  and,  as  at  Wyan- 
>tte  and  Dundee,  a  "red  rock,"  and  then  the  red  shales  of  the  Medina 
•e  reached.  Concerning  the  water  resources  of  this  part  of  the  col- 
nn  little  is  known.  Water  was  noted  at  Dundee  from  these  beds, 
it  there  is  no  rex)ort  of  its  chemical  character. 

HUDSON  RIVER  AND  UTICA  SHALES. 

There  is  next  a  great  series  of  shales,  struck  only  by  a  few  wells  in 
cploring  to  the  Trenton,  like  those  at  Dundee,  Monroe,  and  at  South 
end,  Indiana,  viz :  (1)  The  Medina  red  and  green  shales  at  Dundee,  at 
depth  of  1,625  to  1,725  feet;  (2)  the  Hudson  River  blue  shales,  about 
K)  or  400  feet  thick;  (3)  the  Utica  brown  or  black  bituminous  shales, 
>out  100  feet  thick.  This  series  is  similar  to  the  Lower  Marshall, 
le  Cold  water  (Cuyahoga),  and  the  St.  Clair  shale  series. 

'  The  Director  of  the  United  States  Geological  Survey  has  decided  that  hereafter  in  the  pabli- 
tlons  of  the  Survey  the  term  Lockport  UmeMtone  will  he  used  in  place  of  the  term  **  Niagara 
aestone,**  and  the  term  Rochester  shale  in  place  of  the  term  **  Niagara  shale,''  the  word  JVifa^ro 
ing  reserved  for  the  designation  of  some  higher  classiflc  unit— Editor. 
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TRENTON    LIMESTONE. 

niis  formation  iins  beoii  ponet  rated  a  ft'w  feet  at  Monroe  and  at 
I  Wyandotte,  somewhat  further  at  Dundee,  and  again  in  the  sonthwest 
I  part  of  the  State,  at  DowaRiac.  It  is  really  a  buflf,  granular,  porous 
t  dolomite,  with  traoen  of  gas  and  oil  usually  drowned  out  by  a  strong! 

I  '  impure  hrine. 
ROCK  STRUCTURE  AND  TOPOQRAPHY. 
Tile  general  stnictiiro  of  the  rouk  basin,  which  has  been  described, 
I  is  well  shown  by  Pis.  LXVII  to  LXX  of  Vol.  V  (1805),  Pt.  II,  Michi- 
gan  seological  survey,  which  can,  however,  be  improved  bj'  use  of 
.  records  since  received;  fig.  10  is  a  now  section  from  Monroe  to  C'h*^ 
I  levoix.  ITie  limestones  and  sandstones  of  the  Traverse,  Dundee,  mid 
I  Honroe  make  a  rock  ridge,  which  comes  to  the  surface  in  Monnve 
I  County,  can  be  distinctly  traced  as  an  escarpment,  as  Spencer  hiis 

Iiremarked,  in  the  bottom  of  Lake  Huron,  and  reaches  land  once  more 
at  Thunder  Bay.  From  that  point  the  ridge,  tliough  apparently 
broken  beyond  Chelwygan  by  cross  valleys,  continues  nearly  around 
'  to  Frankfort,  where  the  rook  surface  is  slightly  higher  than  at  Manis- 
tee. The  deep  valley  between  this  ridge  and  the  Marshall  sandstoDes 
\  is  clearly  defined  in  the  well  records  in  the  southeastern  part  of  Ibe 
[■  State,  and  seems  to  discharge  near  Algoma,  where  there  is  consider 
able  thickness  and  where  the  depth  to  drift  is  irregular.  This  shalo 
valley  was  overlooked  on  the  northwest  by  an  abrupt  Ci^carpment  of 
Marshall  sandstone,  which  is  almost  everywhere  concealed,  and  yet 
within  a  mihi  the  depth  lo  rock  may  vary  from  hisn  than  10  to  30,  i<\ 
or  even  100  feet.  This  Marsliall  sandstone  escarpment  is  more  or 
less  escalloped  and  ravined,  as  was  indicated  in  Ilillsdalo  County, 
and  there  are  probably  outlying  areas  or  spurs  of  sandstone,  ('n 
the  main  ridge  of  Marshall  sandstone  the  rock  floor  is  reported  to  tie 
fairly  level,  and  the  irregularities  in  the  drift  are  due  to  the  irrey:u- 
larities  of  the  moraine  ridges,  etc. ;  but  in  toward  tlie  coal  liasin.  i.  tv, 
toward  Mason  County  and  around  Pigeon,  in  Huron  County,  there 
is  a  system  of  valleys  in  the  rock  surface  up  to  ]00  feet  deep.  In  the 
lower  part  of  the  Michigan  aeries  soft  beds,  easily  cut,  predominulp, 
while  the  upper  part,  the  Parma  sandstone,  the  Bay  Port  limestone. 
etc.,  is  more  resistant,  and  shows  an  escarpment  facing  ontwaiil  -.u 
least  10  or  more  feet  vertically,  and  the  valleys,  as  they  travcr-se  it, 
rapidly  deepen  to  moi'e  than  100  feet.  It  is  probable  that  some  of 
the  limestone  masses  which  have  so  puzzled  Winehell'  and  others 
have  been  outliers  of  this  escarpment  pushed  or  dragged  off  from  the 
soft  shales  beneath  and  left  stranded  in  the  di'ift.  They  ai-e  particu- 
larly conspicuous,  as  AVincliell  remarks,  in  Oceana  County,  in  the 
northwestward  extension  of  the  rock  divide — which  follows  the  Miir- 
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}liall  sandstone  around  to  Holland — near  which  there  are  outcrops.  To 
the  southeast  around  Allegan,  South  Haven,  and  Bangor,  the  rock  sur- 
face is  considerably  lower.  How  far  the  softer  Michigan  series  make 
%  trough  separating  the  Marshall  ridge  from  the  limestone  ridge  is 
ttot  yet  clear  from  the  well  records.  Rapid  variations  in  the  altitude 
3f  the  rock  surface  around  Grand  Rapids  make  it  evident  that  the 
limestone  there  is  much  eroded.  Up  Grand  River,  at  Ionia,  there  are 
3ther  outcrops  of  a  sandstone  which  is  probably  high  up  in  the  coal 
^ries.  The  rock  ridge  can  be  followed,  being  occasionally  struck 
by  wells,  to  the  southeast  comer  of  Newaygo  County.  From  this 
point  north  the  rock  surface  evidently  falls  off,  for  it  is  so  deep  that 
no  ordinary  wells  for  water  encounter  it,  and  it  is  only  from  deep 
explorations  for  salt,  oil,  or  gas  that  it  has  been  found  to  fall  below 
sea  level  at  Manistee  (30  to  40  feet  below  tide).  It  is  near  these  low 
points  in  the  rock  surface  that  the  large  limestone  masses  are  found 
in  the  drift  in  Oceana  County,  and  it  is  not  unnatural  to  suppose  that 
this  is  in  a  i-egion  of  strong  relief,  whose  scenery  was  something  like 
tliat  of  the  driftless  area  of  Wisconsin,  full  of  pinnacles  capped  with 
limestone.  It  is  here,  therefore,  that  we  have  carried  the  stream  val- 
ley described  on  page  83,  which  seems  to  drain  the  most  of  the  coal 
lasin  surrounded  by  the  Marshall  rampart. 

The  great  depth  of  drift  at  Traverse  City,  with  the  rock  bottom  not 
^et  reached,  compared  with  Provemont,  where  the  limestone  has  been 
truck,  shows  that  on  the  northwest  side  again  the  Coldwater  and  St. 
31air  shales  make  a  valley,  though  outcrops  are  not  far  away,  and 
»ther  facts  go  to  support  the  suggestion  that  the  limestone  escarp- 
aent  on  this  side  was  in  bold  relief  and  probably  severely  cut  up. 
n  all  probability  Grand  Travense  Bay  marks  some  prominent  cross 
^alley.  Beyond  Cheboygan  Lake  the  limestone  ridge  becomes  more 
tontinuous.  Throughout  the  north  half  of  the  State  the  well  records 
if  depth  to  rock  are  so  few  that  the  reconstruction  of  the  rock  topog- 
'aphy  is  largely  guesswork,  and  it  is  necessary  to  fall  back  on  the 
malogies  of  the  relations  of  moraines  to  rock  ridge  in  the  lower  part 
>f  the  State. 

PROSPECTS  OF  ROCK  WELLS. 
NORTHERN  LIMESTONE  DISTRICT. 

From  what  has  been  said  in  the  previous  part  of  this  paper  in 
5onnection  with  the  well  reports,  it  appears  that  there  is  a  district, 
'rem  Alpena  and  Long  Rapids  to  Charlevoix  and  north  of  these 
places,  through  which  it  will  frequently  be  necessary,  in  order  to  get 
i  x>6rmanent  supply  of  water,  to  drill  down  into  the  limestone  (Trav- 
erse or  Dundee),  which  is  often  close  to  the  surface.  At  moderate 
lepths,  down  to  about  500  feet,  the  water,  though  hard  and  slightly 
charged  with  hydrogen  sulphide  (HjS)  will  be  suitable  for  drinking. 
Alt  greater  depths,  however,  within  1,500  feet,  rock  salt  and  brines 
will  be  enoonntered. 
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E  NORTHERN   9HAI,K  DISTBICT. 

Towaixl  the  south  Iherp  is  a  broad  tlistrict  heavily  covert-d  with 
Urift,  with  the  rock  surface  probably  a  valley  in  which  it  will  verj- 
bw^ly  bo  necessary  to  go  to  rock  for  driuking  waters,  and  in  fact  the 
prospect  for  them  is  not  very  good.  The  underljiug  rocks  bcloug  to 
'ttie  Carboniferous  and  Devonian  shale  series.  Only  here  and  therf 
•Triil  a  deep  well,  drilled  for  gas,  brine,  mineral  water,  etc.,  ponetraU- 
[to  the  rock  and  find  mineral  water  beneath  the  Nhales. 

Towai-d  the  south  side  of  this  distric-t  a^  the  sandstones  of  the 
iXiOwer  Marshall;  but  little  id  yet  known  of  their  extent. 

{T(»AL  BASIN. 
The  i;ual  bantu  ovvupwn  the  center  of  the  StAk-,  including  in  it  th« 
'Michigan  and  Upper  Marshall  series.  Tho  basin  ext«u4ls  from  Tawas 
Bay  probably  well  up  toward  Otsego  Lake,  thence  to  l.udington  and 
Hart,  thence  down  to  Hillsdale  County  (as  shown  on  lb«  map,  PI.  VI). 
Thronghont  this  district  tlie  structure  of  the  rocks  is  favorable  for 
'ftrtosian  wells,  niid  inside  the  belt  of  moraine  that  surrounds  it  there 
'is  a  verj-  fair  chance  of  getting  a  flow  of  water,  as  at  Biroh  Run,  Mid- 
'land.  Bay  Port,  Sebewaing,  and  elsewhere.  Near  the  raai^in  of  this 
^1)Bsin  the  Upper  Marshall  sandstone  furnishes  an  abundant  supply  uf 
^e  purest  watei-.  Toward  the  center  of  the  basin  the  overij-ing 
iHichigan  series,  with  their  highly  mineralized  waters,  must  be  cased 
|QS  if  drinking  water  is  desired.  Still  nearer  the  center  of  the  basin 
almost  ail  the  water  is  slightly  saline,  but  is  still  quite  potable.  The 
limits  of  the  saline  waters  an-  roughly  shown  in  fig.  14  (e.  g.,  det'|>er 
wells  of  Saginaw,  Ithaca,  etc.).  The  deepest  waters  now  bccmtie 
strong  brines,  the  Upper  Marshall  l>ecoiiiiug  remarkably  chargwl 
with  bi'omine,  as  at  Alma,  Midland,  and  Big  Kapids. 

SOUTHERN  aHALE  DISTRICT. 
This  district,  Ixjing  the  southern  counterpart  of  the  northern  shale 
district,  is  the  only  part  of  the  St^te  where  there  is  any  serious  difTiculty 
in  getting  a  satisfactory  supply  of  water.  It  is  diviiled  into  two  pjirfc 
by  the  projection  of  the  Marshall  sandstone  nearly  to  the  Michii;au- 
Ohio-Indiana  Ktate  boundary.  To  the  southwest  there  are  usiially. 
but  not  always,  ponds  and  lakes  enough  for  city  supplies,  and  ihi' 
heavy  deposits  of  overwash  valley  drift  give  nnnierous  chances  fur 
wells  in  smface  deposits.  To  the  southeast,  however,  there  are  pmc- 
tically  no  lakes  below  the  800-foot  contour.  The  surface  deiwsits  art- 
lai^cly  lake  clays  and  clay  till,  and  the  underlying  rocks  slialcs  witli 
suborilinale  sandstone  streak.s.  These  sandstones  are  likely  to  l>f 
salty  or  unpleasantly  charged  with  gases.  In  tliis  region,  if  a  perma- 
nent supply  can  bo  obtained  from  cisterns  or  from  the  surface  gravel 
ridges,  that  is  pi-obably  often  the  best  obtainable,  provided  due  \trf- 
caatlons  lu-e  taken  again.st  surface'  contamination.    The  Berea  saniJ- 
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stone  seems  to  be  usually  salty.     It  mi^^lit  bo  worth  while  to  see  how 
far  the  sulphurolod  waters  of  tho  Dundee  eimid  be  cusetl  out  and  a 
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good  sapplf  obtained  from  the  Sylvania  sandatone.     There  is  no  diffl- 
culty  In  this  region  iu  gettin;;  mineral  waters,  especially  sulyhureted. 
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SOUTHEASTERN   UMESTONB  DISTRICT. 

Thwrt!  only  remains  to  be  considered  the  limestoiie  district  of  Monroe 
teid  soiilliciistern  Wayup  uouutios.  Here  wells  just  down  to  or  a  Ijt- 
^e  way  in  the  rock  encoantcr  plenty  of  water,  generally  flowing 
^»Iybout«,  hard,  and  highly  chart;ed  with  hydrogen  sulphide  (litS). 
IfcThere  are  plentiful  flows  of  fresh  water  all  the  way  down,  until  at  800 
■toot  oi-  leas  the  gypsqm  and  salt  layers  begin.  Naturally  the  wella 
draining  from  the  Sylvania  sandstone  seem  t-o  have  tlie  best  supply, 

I  and  it  might  l>e  worth  while  to  go  down  to  it  a  little  farther  under 

I  eover. 
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lished notes  which  Mr.  Leverett  kindly  furnished,  for  llie  form  of 
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Above  Saginaw  Bay  the  population  is  sparse. 

The  paper  is  least  satisfactory  in  regard  to  the  wator  powers  of  tlic 
region  considered.  Those  who  know  Uie  facts  eonsi<ier  llieui  toi> 
valuable  to  publish.  In  this  connection  the  paper  by  Mr.  liol*ri 
E.  Ilorton  is  a  welcome  addition.  The  water  powers  northwest  of 
Saginaw  Bay  seem  especially  worth  exploiting. 

Finally,  to  the  State  weather  service,  C.  P.  Schneider,  director,  i 
aui  indebted  foi*  meteorological  data. 
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LETTER  OF  TRANSMITTAL. 


Depabtmbnt  of  the  Interior, 
United  States  Geologioai.  Survey, 

Division  op  IIydrooraphy, 

Washington^  May  15 j  1899. 
Sir:  I  have  the  honor  to  transmit  herewith  a  nuinuscript  on  the 
mineral  waters  of  the  Lower  Peninsula  of  Michigan,  by  Dr.  Alfred 
Church  Lane,  now  State  geologist  of  Michigan,  and  to  recommend  that 
it  be  printed  as  one  of  the  series  of  Water-Sapply  and  Lrrigation  Papers. 
This  is  a  continuation  of  Water-Supply  Paper  No.  30,  entitled  Water 
Besources  of  the  Lower  Peninsula  of  Michigan.  The  original  plan  was 
to  have  this  and  related  information  published  as  one  report  or  mono- 
graph. It  has  been  considered  desirable,  however,  to  issue  the  sepa- 
rate chapters  or  groups  of  chapters  of  the  report  as  originally  designed 
in  pamphlet  form,  in  order  to  insure  an  earlier  publication  and  to  facili- 
tate the  completion  of  portions  for  which  an  unexpected  wealth  of 
detail  has  been  found.  In  this  part  of  the  report  the  water  analyses 
have  been  brought  together  and  discussed,  particular  attention  having 
been  paid  to  the  relation  which  exists  between  the  chemical  composition 
and  the  geological  horizons  or  mode  of  occurrence  of  the  waters  carrying 
mineral  matter  in  solution. 
Very  respectfully, 

F.  H.  Newell, 
Hydrographer  in  Charge. 
Hon.  Charles  1).  Waloott, 

Director  United  States  Geological  Survey, 
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LOWER  MICHIGAN  MINERAL  WATERS:  A  STUDY  INTO  THE  CON- 
NECTION BETWEEN  THEIR  CHEMICAL  COMPOSITION 

AND  MODE  OF  OCCURRENCE. 


By  Alfbed  Ohuboh  Lane. 


INTRODUCTION. 

This  paper  is  the  outcome  of  certain  work  iu  the  Lower  Peninsula  of 
Michigan  which  I  undertook  for  the  State  survey  in  1895,  and  was 
originally  planned  as  Chapter  Y  of  a  paper  of  which  the  first  four 
chapters  have  appeared  as  Water-Supply  Paper  No.  30.  ^  The  remain- 
der of  the  material  will  be  published  in  a  later  number  of  this  series. 
To  these  two  pamphlets  frequent  reference  must  be  made,  and  they 
should  be  considered  supplementary  to  the  present  paper. 

In  the  region  of  the  Saginaw  Valley  the  country  is  exceedingly  flat, 
and  roi;k  exposures  are  rare,  so  that  for  light  on  the  detailed  geology 
of  the  subsurface  rocks  of  the  region  we  are  compelled  to  rely  on  well 
records — largely  the  untrustworthy  data  derived  from  pulverized  drill- 
ings and  the  inferences  that  can  be  drawn  therefrom  concerning  the 
rock  topography — and  on  the  characters  of  the  waters.  It  was  found, 
however,  that  the  waters  gave  important  objective  clues,  and  our  party 
carried  a  testing  case  of  barium  chloride,  silver  nitrate,  ammonium 
oxalate,  and  tannic  acid,  a  urinometer,  and  a  thermometer,  instead  of 
the  geologist's  hammer.  The  work  I  had  previously  done  in  connection 
with  the  preparation  of  Volume  V  of  the  State  reports  led  me  to  think 
that  iu  general  it  was  probably  true  that  the  various  geological  horizons 
yielded  characteristic  waters;  therefore  during  the  year  1897,  with  the 
gtiidance  and  support  of  Mr,  F.  H.  Newell,  I  attempted,  by  means  of 
circulars  and  personal  visits,  to  extend  my  investigations  of  the  waters 
of  Michigan.  I  met  with  such  hearty  cooperation  from  the  chemists 
connected  with  State  institutions — Profs.  K.  0.  Kedzie  and  F.  S.  Kedzie, 
of  the  State  Agricultural  College,  Prof.  A.  B.  Prescott,  of  the  State 
University,  and  Prof.  V.  0.  Vaughan — that  the  analytical  material 
outgrew  the  limits  of  a  chapter,  and  I  began  to  gain  a  somewhat  com- 
plete idea  of  the  chemico- geological  relations  of  the  waters  of  the  State. 

■  Water  resoaroes  of  the  Lower  Peninsula  of  Michigan,  by  Alfred  C.  Lane :  Water-Snpply  and 
Irrigation  Paper  No.  30, 1890. 
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It  vfln  >fe»  met  io  s  stad;  of  tt«  drinkiiiK-vstCT  ^vpply  in  coodm- 
tioB  with  ^staae,  bj  pmnp  an  idea  of  tke  ""^"t  percentages  of  chlo- 
rine, orzar.!--  --.ifTer.  r:r..  .iev^..i,r;'"-.  froni  whk'h  i-m-it  bi?  regarded  witb 

SOsT-iciOE. 
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TERS. 


HUPIC: 


ra.'PEETiK^. 


Th>^  varioas  in'>r;r.niii'  imparities  whi.^ 
ordinary  oses  may  be  of  valne  from  a  a 
the  water--  ol'  tn.iiiy  w-^Ii*  in  the  western 
western  part  'if  Tu-i-oUi  Ci'UDty  are  K 


:i  niidt  war<.-i  ior  rlnnn-stic  ami 
e.iiciual  i">iiit  oi"  view.  Thus 
part  of  Huron  and  tlie  uortli- 
xative  to  men  and  cattle  not 
afi'^nstomed  t"  them.  thou;;ti  reLinlar  users  may  not  exjierience  sncli 
eflectrt.  rkMliuuL  sulphate  i-  a  vommon  laxative  (.uustituent  in  Sairinaw 
waters. 

Tbf;  mineral  table  waters  are  derivetl  from  vartons  s-mnes.  lar-teiy 
sandstones  or  the  siirfai-c  gravels.  The  Moorman  well  at  Vpsjlanii  is 
concentrated  to  throw  down  the  lime  salts  and  then  diluted  and  ehar}:e<i 
with  '.'O;,  Other  table  waters  also  seem  to  be  dilute<l  salines.  Tin' 
iriain  hori^^on  for  bathing  puri>oses  developed  at  Ypsilanti.  Mount 
Clemens,  Alma,  Henton  Harbor,  etc.,  is  that  of  limestones  immediately 
iiijilerlyinf^  the  Devonian  black  shales.  In  the  Berea  formation  Just 
above,  and  a(,'aiti  iijion  Giitt-riny  the  Traverse  or  Hamilton  forinatioii,  a 
very  unity  win fsn]  water,  wilU  gasoToW.Xs  ATv\vV,.awUu  theupjier  Hel- 
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derberg  (Dundee  limestone)  a  water  strongly  mineralized  with  hydrogen 
salphide.  Unfortunately  care  is  rarely  taken  to  separate  tlie  constitu- 
ents of  the  different  flows.  There  are  distinct  indications  that  the  first 
"bitter"  water  struck  in  the  lower  Helderberg  contains  in  concentration 
rarer  constituents,  the  earthy  chlorides  and  H^S,  and  that  what  is 
added  below  is  mainly  salt. 

For  the  Mount  Clemtos  wells  it  is  customary  to  continue  down  until 
a  satisfactory  buoyancy,  measured  with  the  salinoraeter,  is  obtained,  so 
that  bathers  can  feel  the  strength  of  the  water. 

The  waters  from  the  upper  Dundee  (Corniferous,  or  upi>er  Helder- 
berg)  or  Mackinac  limestone  are  usually  strongly  sulphated,  and  even 
where  fresher  at  their  margin,  as  at  Petoskey,  they  are  still  character- 
istically sulphureted. 

The  Big  Eapids  well  is  apparently  from  a  different  horizon,  the  Mar- 
shall sandstone,  as  encountered  in  Midland,  St.  Johns,  and  Alma  (upper 
water). 

From  these  waters  the  salts  can  be  extracted  for  medicinal  purposes, 
as  at  Ypsilanti,  Alma,  and  Big  Eapids,  or  for  their  general  value. 

SALT   AND   SODA   COMPOUNDS. 

The  production  of  common  salt  is  a  well-known  industry  of  Michigan, 
folly  treated  in  recent  reports  of  the  United  States  Geological  Survey, 
so  that  only  brief  mention  is  necessary  here.  The  State  has  produced 
altogether  about  76,000,000  barrels  (of  284  pounds),  and  in  1898  pro- 
duced about  4,171,916  barrels.  The  production  has  been  dying  out  in 
the  Saginaw  Valley,  as  thesupply  of  lumber  waste  for  fuel  disappeared, 
and  in  Huron  County,  once  lined  with  salt  blocks,  only  one  is  left,  the 
profit  of  which  comes  from  local  trade;  but  with  the  development  of 
local  coal  fields  the  industry  will  be  revived.  On  the  other  hand,  the 
industry  is  increasing  around  Manistee,  and  also  along  the  Detroit 
liiver,  from  Detroit  to  Trenton,  where  the  production  of  salt  is  closely 
allied  with  that  of  soda  ash,  bleaching  powder,  etc.  This  latter  dis- 
trict is  exceptionally  favored  in  possessing  strong  pure  brines,  strong 
and  pure  limestone,  and  excellent  transportation  facilities.  IS'ear 
Alpena  the  same  favorable  conditions  exist,  but  that  region  is  not  yet 
developed.  It  has  been  proposed  to  mine  the  salt  near  Detroit,  instead 
of  pumping  it,  as  has  hitherto  been  the  universal  rule,  and  thus  convert 
the  deposit  from  a  water  resource  to  a  mineral  resource.  While  there  is 
no  law  against  pumping  the  salt  out  from  under  a  man's  property  with- 
out compensation,  it  is  illegal  to  mine  it,  so  that  pumping  has  the 
advantage  of  evading  royalties.  Newspapers  report  that  the  difficulty 
of  sinking  a  shaft  in  face  of  heavy  flows  of  water  is  the  chief  obstacle. 

BROMINE. 

Among  the  most  important  minor  ingredients  of  the  Michigan  brines 
is  bromine.  The  analyses  from  Midland  (Nos.  281-284),  Alma  (Nos. 
327-329),  and  Big  Eapids  (No.  278)  are  noteworthy  tot  tVvv^  ^i«rsi'sXJ^X»«Q^.^ 


t^  III  ih  fi  M  liiii  mi  t^  ihtmim  ■hi  tm  ■■  1 1  iham     I  ten 


He*  that  aria*'-  Fir«t,  i*  the  faHon  iinp*rial  or  T"niie«1  Stalest 
Kciwl  •;A6e)>  I  ha'.t  "■•*T-:i  iblT  ;•■  rvniove  :L;?  .iiuL>;^ut>.  :iMr«i.iiiii.  na; 
tbf:  i<p«*;t&c  graviTv  of  the  vuer  i^keu  inio  iM.-co[m:.  oi  w^is  it  iieg 
leeted,  a^  ta  fustfua^xy  in  potable  irater^T  In  other  words,  vas  tfaif 
galbjn  or  liter  weiehed  or  mea^ondf  Prof^^ior  Presi-oti  ami  T.  ToU' 
nel^  Mtate  tlif  result')  of  Ibeir  aoalv^e^  both  in  parts  per  million  and  iu 
gninn  fier  UDited  States  ^IIod.  allowing  for  the  iiiecitic  weight  of  lie 
gall'iii,  altfaoagh  often  only  one  sialement  is  pDbIi>hed.  lYofes-^or 
KfiihAf.  OM^H  the  imperial  gallon  of  lU  ikoands  i7ii,(NiU  grains),  which 
i*  really  a  vei^^ht,  not  a  meu-nre.  Professor  Unfliild  hIso  has  u^ 
tlifl  fiuperia!  jrallon,  bat  of  late  nse<  the  United  States  ^^allon  of 
231  mihic  inches.  Both  weigh  the  waters  and  the  spei-ilii'  gniviiy 
l\in:n  not  enter  into  the  computation.  Professor  Vaiighaii  re]>ons 
III  purtit  per  million.  The  water  is  iisaally  nteasuretl  and  the  s])ecifii' 
({ravity  nr^glected,  as  his  sanitary  analyses  are  iM)table  waters  with 
ii|M!<;jlir,  weight  usnally  unity.  Occasionally,  as  at  Mount  Pleasant. 
thpH  Introduces  a  Hensibic  error.  Messrs.  Edgnr  and  Mariner,  of  Dear- 
Iwni  Ohuniical  Works,  nse  the  United  States  gallon  of  231  cubic  inches. 
In  donbtful  cases  the  imperial  gallon  can  often  be  lee^guized  by 
tliii  IW:t   tliat  the  llgnres  of  the  analysis  will  be  divisiblu  by  7. 
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most  other  cases,  bnt  not  in  all,  I  have  been  able  to  ascertain  defi- 
nitely, by  personal  inquiry,  concerning  this  matter.  The  United  States 
gallon  is  commonly  used  by  the  mechanical  i)rofession  (for  instance,  by 
the  Railway  Master  Mechanics'  Association),  and  therefore  generally 
in  analyses  of  boiler  waters.  It  is  much  to  be  desired  that  all  analyses 
should  be  stated  explicitly  in  grams  per  kilogram — i.  e.,  in  parts  per 
thousand  by  weight^ — for  even  statements  in  grams  per  liter  are  some- 
times really  in  grams  i)er  kilogram.  If  this  form  of  statement  is  not 
considered  so  intelligible  as  some  other  expression,  a  note  might  be 
added  calling  attention  to  the  fact  that,  neglecting  the  specific  gravity, 
one  gram  per  kilogram,  or  one  part  per  thousand,  is  practically  1  ounce 
X>er  cubic  foot,  or  1  pound  avoirdupois  in  120  gallons.  1  have  restated 
most  of  the  analyses  in  parts  per  thousand  by  weight,  but,  as  a  check, 
in  the  case  of  newly  published  analyses,  have  also  given  the  original 
figures  in  italics. 

But  if  these  diihculties  are  once  surmounted  there  remains,  in  the 
second  place,  an  even  more  serious  obstacle  in  the  fact  that  the  parti- 
tion of  acids  among  bases  is  largely  a  matter  of  choice.  For  instance, 
the  bromine  is  sometimes  given  as  sodic  and  sometimes  as  magnesic 
bromide.  This  must  necessarily  be  the  case  so  far  as  real  combina- 
tions are  concerned,  and  there  are  no  universally  adopted  conventions. 
Even  the  few  laws  more  or  less  made  out,  such  as  that  GaGOsis  insolu- 
ble in  a  saturated  brine,  are  not  always  followed  (see  analysis  No.  312). 
When  the  acids  and  the  bases  have  also  been  given  separately  I  have 
given  this  form  also,  but  such  a  statement  seems  less  suggestive;  per- 
haps were  it  more  used  it  would  not  seem  so. 

Finally,  there  is  the  fact  that  a  mineral  water,  especially  when 
charged  with  gas,  as  most  of  them  are,  is  exceedingly  unstable,  and 
when  concentrated  extremely  corrosive,  as  is  witnessed  by  the  rapid 
destruction  of  casings  and  bathroom  fixtures.  This  also  makes  analy- 
ses uncertain  and  hard  to  compare. 

Among  the  constituents  most  puzzling  in  this  respect  are  the  car- 
bonates and  bicarbonates,  especially  of  iron.  It  is  practically  impos- 
sible to  get  the  same  amount  of  GO2  from  a  carbonated  water,  and  it 
is  probable  that  more  than  three  grains  to  the  gallon  of  OaCOa  (0.04  per 
thousand)  can  not  ordinarily  exist  in  a  noncarbonated  water,  the  excess 
of  lime  shown  in  so  many  analyses  being  in  the  form  of  calcium  bicar- 
bonate. At  the  Agricultural  Gollege,  Irom  the  average  of  the  results 
of  tests  by  a  class  of  from  seven  to  ten  students,  the  hydrant  water 
from  a  deep  artesian  well  contains  4.75  degrees  of  temporary  and  4.714 
degrees  of  permanent  hardness,  the  total  hardness  being  9.G05.  After 
aeration  and  heating  in  the  purifier  the  hardness  was  reduced  to  1.68 
degrees  temporary  and  2.554  degrees  permanent,  or  4.237  degrees  in  alL 
A  series  of  tests  of  samples  of  lake  and  well  water  collected  by  D.  J.  Hale 
and  analyzed  for  free  GO2,  OaOOa,  and  MgOOs  by  A.  N.  Glark,  showed 
free  OO3  ranging  from  0.0  to  66  parts  i)er  million,  using  phenol  phthalein 
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AB  »u  indicator.  The Ma.iD«  thiug  is cveu  more  tme  of  iion.  AccoriUug 
to  Schweitzer,'  in  a  chalybeate  water  with  much  gyp^utn  oiie-foarth  (rf 
the  iroii  is  present  us  carbouate  and  thiee-fourthn  as  sulphute.  Yet 
^me  analyses  Bhow  more  OaCO,  than  can  be  present  except  dissolved 
in  HiCO,. 

On  the  other  hand,  field  observatioiin  iibuut  mineral  wells  have  con- 
vinced me  that  iu  many  cases  the  irou  lias  been  precipitated  before  the 
aample  reaichud  the  chemist,  and  therefore  escaped  analysts.  The  effect 
of  iron  in  eolutiou  is  so  marked  on  tea,  and  in  precipitation  as  boiler 
(H:  teakettle  scale  it  is  »o  rouHpicuous,  that  the  field  observer  can  hardly 
1)e  mlBtabeu  in  noticing  it.  But  the  question  may  often  arise  whether 
tlie  irou  is  an  original  and  essential  constituent  of  the  water  or  is 
derived  from  tlie  casing  of  the  well. 

Other  observations,  such  us  exhalatious  and  deposits,  as  well  as  the 
quantity  and  character  of  the  boiler  scale,  etc,  serve  aa  checks  oq 
Analyses.  When,  as  Professor  Sherzer  has  pointed  out,  native  sulphur 
and  celestite  are  crystallized  together,  as  they  are  so  characteristically 
.  at  Scofield,  it  can  hardly  be  amiss  to  assume  that  a  ti'ace  of  stroutia 
was  present  in  the  sulphureted  water,  even  thou^th  it  is  bnt  rarely  noted 
iu  tbe  analyses.  In  this  connection  the  amount  of  Sr  shown  iu  the 
'  analysis  of  Lake  Superior  water  is  noteworthy.  Among  the  analyses 
those  of  waters  from  the  J^undee  limestone  most  frequently  mention 
BrO. 

Again,  in  Michigan,  as  elsewhere,  certiiiii  algti!  luxuriate  audgrov 
■with  remarkable  rapidity  in  the  deeper  bicarbonated  waters. 
iiEDTrrroN  i-ai'tohh. 

Considering  iUl  the  nnccrtainticM  mentioned  a^  inherent  in  ;in;ilyses, 
and  the  fact  that  by  various  methods  of  computation  the  number  uf 
grains  to  the  United  States  gallon  varies  from  .'i8,41S.6(l9:i  to  58,372.3, 
the  approximate,  reduction  factors  cited  below  are  usaally  sufticieutjy 
accurate.  Keduetiou  of  aniilyses  from  grains  per  United  States  gallon 
have  been  made  by  slide  rnle.  For  fni'ther  details  see  reimrt  by  Dr. 
A.  0.  Peale,'  and  references  there  given. 

ral>l,'o/fii.u-at,'nU. 
1  United  States  iii|iLi<i  kuIIoii  — -'31   fubic  iiictioa^X.33HH8  p.mnd.H  .-u  oirjujinn^ 
68,372.3  giain8  =  8  wiii.>  iiitiln. 
1  imperial  giilloii  =  277.274  cilliic  inchus—  IU  poiinda  aTnirilllpcii»^T(l,iH>(l  ijiinij-. 
1  liter  =  0.aei  17ft  Uiiiteil  StiiWis  Hriiiiil  giiUun ^0.22009  Imperial  E"lli'n. 
1  Krnm^I5.432  graina. 

Approximation,. 

1  part  per  tbiiii8:unl  lij  wrigbt^^l  grniii  per  kilogram,  or  (noglectinir  upecinc 
gravity)  =  1  graui  pir  liter=il  ouDre  per  cabic  foot. 

To  reduce  graioB  jut  imperial  gallon  to  grauia  per  lit«r  divide  by  70. 

To  reduce  grains  per  United  States  gallou  to  jjraiiia  pf r  liter  mnltiiily  by  I,:;  ami 
divide  by  70. 

iMiMoarf  GcolDgJi'al  Siirrej,  Vol.  m.  ji.  ID. 

'Kttnral  mlniu-al  WBlwra  of  niornitwlStftW.,  Uy  A.  C.  Pt-ul, .  KomtMiiitU  Autj.  Ui.jpi.  r.  S.  lisi. 
Sarvny  (laaZ-Bi),  Part  II.  18a4,  pp.  *»-»». 
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To  rednoe  grains  per  imperial  gallon  to  grains  per  Ignited  States  gallon  multiply 

K«)ughly,  to  reduce  degrees  salinometer  or  urinometer,  etc. : 

Urinometer  reading= excess  of  specific  gravity  over  1  in  thousandths =2  x 

salinometer  reading =8  X  per  cent  of  salt  or  the  Beanm6  reading. 
In  estimating  flows : 

1  pail  is  usually  3  gallons. 

1  barrel  is  usually  31^  gallons =4  bushels =128  quarts;  sometimes  3  bushels. 

1  cubic  foot  =  1,000  ounces  fluid  or  avoirdupois  =  30  quarts,  roughly. 

1  cubic  foot  per  second =30  quarts  per  second  ^=  about  150  3-gallon  pails  a 
minute=  20,000  4-bushel  barrels  a  day = about  650,000  gallons  a  day. 

In  the  Saginaw  Valley  the  flow  of  the  brine  wells  was  estimated  by 
Doting  the  number  of  seconds  required  to  fill  a  pail  when  pumjnng  as 
hard  as  possible  without  pounding.  Thus^  a  well  might  be  known  as 
an  eight-,  a  ten  ,  or  a  twelve-second  well,  and  when  all  were  pumped  a 
well  of  eleven  seconds  would  fall  off  to  twentv  seconds. 

CLASSIFICATION  OF  ANALYSES. 

The  geological  occurrence  and  the  chemical  character  of  water  are 
clearly  interdependent,  so  that  with  some  probability  one  may  be 
inferred  from  the  other.  It  has  therefore  seemed  best  to  group 
together,  for  the  purx>oses  of  comparison  and  study,  analyses  from 
geologically  similar  sources  rather  than  to  follow  the  alphabetical 
order.  The  analyses  are  generally  arranged  also  in  order  of  increasing 
concentration — i.  e.,  of  increase  in  the  total  amount  of  solids.  To  this 
rule  there  are,  however,  some  exceptions,  for  I  have  grouped  together 
analyses  of  waters  from  the  same  place  and  from  substantially  the 
same  source,  where  the  presumption  is  that  the  variation  in  concentra- 
tion is  accidental.  The  rather  large  groups  of  sanitary  analyses  of 
unknown  geological  environment,  which  I  owe  to  Professor  Yaughan 
and  to  Profs.  E.  C.  and  F.  S.  Kedzie,  being  fuller  in  some  points  and 
not  so  full  in  others,  have  been  kept  together,  so  that  they  may  be 
more  easily  tabulated  and  compared.  I  have  also  grouped  in  a  sepa- 
rate section  those  analyses  the  geological  relations  of  which  were  some- 
what uncertain,  and  which  I  did  not  therefore  care  to  make  use  of  in 
drawing  deductions  as  to  the  character  of  the  waters  of  the  different 
strata. 

The  alphabetical  index  at  the  end  of  the  paper  will  enable  one  to 
study  the  variation  of  chemical  composition  in  waters  from  wells  of 
varying  depths  at  the  same  place.  Among  the  places  most  instructive 
in  this  respect  are  Saginaw,  Bay  City,  Midland,  Alma,  Detroit,  and 
Ypsilanti. 

The  waters  may  be  divided  geologically  into  waters  of  the  Great  Lakes 
system,  of  rivers  and  smaller  lakes,  of  wells  and  springs  in  the  uncon- 
solidated deposits,  and  of  wells  from  beds  above  the  Marshall  (which 
are  stronger  in  sulphates),  in  the  Marshall,  in  the  Berea  grit  (saline), 
and  in  beds  below  the  Berea  (sulphureted).  To  each  group  is  given  a 
section  below. 
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In  lUl  HualysM  llti.-  n-Kiiltf  :irv  iii  |>nrtH  per  llintiA^ind  (;;rari)s  ]■« 
Uograiu)  nnlran  olhrrwiae  8t»ted.  Wli«rc  two  nets  nf  flgnres  are 
iTen.  itie  lower  refer  u*  [Mtrls  per  Diotixantl.  Ttiiti  in  done  in  tlit-  rai^ 
ttnaiyaes  not.  to  my  kBowlod;:!'.  eWtrtivru  on  ret^ttnl,  aod  for  whicli  I 
ftve  luid  to  M>nipate  tbe  lower  flgarcx  from  other  forms  of  statcnifiil. 
^  a  check  llte  oriinnitl  H^reA  are  ifiven  u1k>vo  tliem  in  italics, 

III  all  tbe  wiiitaiy  analyiwH  by  l*rof«Asor  Vangtian  the  color  is  clew, 
BlexM  otber«'ii*e  .stateil,  the  ntictiou  neatral.  and  the  water  odorlea, 
bd  Ihts  Ik  tbi^  pifjtiunplioii  in  tbv  cas^  of  other  Riiiiitary  analyaeb 
tefH.  F.  S.  ttitd  H.4'.  Kwl/io  Jointly  fiii-uislied  me  with  a  list  of  anatysies, 
i|e  crulit  for  whk-h  In'Iou{;s  Boinetimf.'<  to  oii<^  and  ttometimes  to  tlie 
tfa«r. 

UHrboiiat4.-8  and  l>t<-arbonate»  are  entered  in  the  manie  place  inlht 
lble«.  the  latttT  preceded  by  bi.  It  may  be  asefal  to  say  that  tbe 
tiio  cf  carbonate  to  bicarbonate  for  a  given  amount  of  tiie  hime  foand 
i:  For  lime,  100:102.01';  for  magnesia,  84^36:1-16.38;  for  iron  (FeO), 
16:178.01^;  for  fl04ls,  100.10: l(id.l2.  In  a  rongh  way,  there  is  half  at 
tach  again  when  tht*  comimnDd  is  ^ven  an  bicarbonate  as  when  it  it 
It«ii  as  carbouat«. 
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0.       I       7.  8.  9.  10.  11.  12. 

r«n«tir,..nt.        ',';';™''S^i'^,^;*I»«y<;i«y    B«yCit.v    Itaya.y     Saginaw 

(A).        (B).    '     (C).  '*'•  ""■  "  '•  '•"■■ 


I 

CnO 0. o:ir>r>  ,  o. 0300    0. 0348    0. uiwTi    0.11  (;9--'8    0. 1  or>'Jo2     0. on  1 1  so 


PaO* 0;   Tr.      0  

SOj 0056   .0060   .0054)  

MgO 0121  ,  .0127   .012:1  .0:'.0r..^«   .U40S74   .0.13333    .010432 

SiO, 0066   .0062   .0089  

<;i 0075  .058     .265     .284    i   .010 


Total 1188       .1184       .1140 


Analyses  1  to  4  were  made  by  commercial  chemists  of  the  Dear- 
born Drug  and  Chemical  Works,  of  Chicago.  Their  primary  purpose 
was  to  determine  quality  as  boiler  waters;  they  were  stated  in  grains 
per  United  States  gallon;  they  did  not  aim  at  coini)leteness,  and  no 
sammation  was  given  in  the  original  analysis. 

1^0/  1,  of  water  from  Manistee  Lake,  was  made  for  Filer  &  Sons, 
August  31, 1897.  The  water  was  probably  contaminated  by  the  large 
salt  works  there. 

No.  2,  of  water  from  Muskegon  Lake,  was  made  for  the  Electric 
Li^ht  Company,  November  23, 1897. 

No.  3,  of  water  from  Traverse  Bay,  was  made  for  the  electric  light 
works  of  H.  D.  Campbell  &  Sons,  August  31, 1897.  Further  analyses 
will  be  found  in  the  Appendix  (2A,  2B,  2C).  It  will  be  noticed,  on 
comparing  them  with  the  deep-well  water  supply,  analyses  Nos.  5(> 
and  57,  that  the  bay  water  is  considerably  less  hard.  Of  course  it  is 
more  liable  to  typhoid  contamination. 

No.  4,  of  water  from  Detroit  Eiver,  was  made  January  22, 18J)7,  for 
the  Schiller  Corset  Company. 

No.  5  is  an  old  analysis,  made  by  Prof.  S.  IT.  Douglass  in  1S54,  and 
cited  in  the  biennial  report  of  the  State  geologist,  A.  Winchell,  in  1801, 
page  204.  The  total  solids  agree  with  other  analyses,  but  the  phos- 
phates and  sulphates  are  quite  dil!'erent,  though  some  phosphorus 
is  probably  often  overlooked. 

Nos.  6  to  12  were  made  by  Prof.  A.  B.  Prescott,  Nos.  0  to  8,  of  water 
from  Detroit  Iliver,  in  conjunction  with  T.  J.  Wrampelmier,  for  the 
Detroit  board  of  health  (First  Annual  Iteport,  1882,  pp.  229-238). 
Further  analyses  will  be  found  in  the  Appendix  (Nos.  5A,  OA,  7A). 

No.  0  is  of  water  from  a  West  Fort  street  hydrant  at  Detroit;  No.  7 
of  water  from  the  pumping  well,  and  No.  8  of  water  from  the  river  at 
the  inlet  pipe  of  the  Detroit  pumping  station. 

Nos.  9  to  12  were  published  in  a  special  rei)ort  to  the  board  of  water- 
works of  Bay  City,  October  24, 1885,  the  waters  of  Nos.  9  to  11  being 
taken  from  manholes  Nos.  4,  2,  and  1,  respectively,  in  the  pipe  leading 
from  the  pumping  station  on  the  bay  shore  to  Essexville.  One  obje<;t 
of  the  investigation  was  to  see  if  the  water  was  contaminated  in  the 
transit  by  any  waste  of  salt  manufacture. 
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'Sample  Xo.  U  van  taken  Hlwut  -  lailen  nortli  from  Ibe  mouth  of 
kawkawlin  River,  and  1^  milca  from  Iho  we«t  shore  of  the  bay,  iu  vmUn 
i  feet  d«i|).  SeptembL>r  27,  TliU  a}no  contaioed  O.iM  pet  mUIiou  parts 
f  five  ammuuiaaudO.Ia  or»lbumii)ai(l;  it  re(lac«d  periDaDgaoate  very 
lightly,  waH  colorleas  and  odnrlesa,  aa  were  all  the  samples,  bat  tbe 
Btidue  blackened  Hlightly  on  ignitiou. 

JtMlfet  0/ leater /rum  Sagiaav  Bag  near  Bay  Cily. 
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Uesiik's  iuiiilyses  Xos.  !t  to  ll'  iiiid  tlio  Sufjiiuiw  Uiver  auiilysi!! 
(No.  45)  below,  I'rot'ea.sor  Preseott  made  a  liiiiuber  of  tests  lor  aiiimutiia, 
free  and  jiUjumiiioid,  and  chlorine  (analyses  Kos.  13  to  ii4).  Pre^^iMtt 
pronounced  the  waters  of  analyses  Nos,  12,  13,  14,  24,  whieli  are  all 
taken  Irorn  Saginaw  Bay,  more  than  a  mile  from  tlii'  shore  and  iu 
water  over  1(1  feet  deep,  to  be  suitable  for  eity  nse.  Analyses  N'os. 
ID  to  22,  of  water  taken  froni  the  wiiterworks  system,  are  init  satis- 
factory, the  organic  matter  being  on  the  limit  of  safety,  and  the 
chlorine,  whieh  is  probably  not,  however,  of  organiu  origin,  far  too 
high.  These  should  be  compared  with  analyses  Nos.  32  and  33.  of 
water  from  the  same  system,  made  by  Prof.  Y.  C.  Vaughau.  Samjiles 
iS'os.  15,  If),  17,  18,  and  23,  taken  from  the  bay  nearer  the  puin]iin'.' 
station  and  the  shore,  are  not  quite  satisfactory,  ami  thouj:li  tliey  eon- 
tain  less  chlorine  the  quantity  is  still  abnormally  large,  while  Sagiiiaiv 
Eiver  water  No.  45,  West  Bay  City  waterworks,  is  entirely  unlit  fur 
use.  The  exact  loeatious  from  which  the  waters  of  these  analyses  were 
taken  are  as  follows: 

No.  13,  about  1  mileNNW.  from  the  mouth  of  the  Kawkawlin  Kivev. 
in  water  11  feet  deep,  July  23, 1885. 

No.  14,  about  4  miles  NK.  from  the  month  of  the  Saginaw  iliver,  in 
water  21  feet  deep,  July  24, 18S5. 
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No.  15,  aboat  3^  miles  E.  from  the  mouth  of  the  Saginaw  Eiver  and  1 
mile  N.  from  the  i)re8ent  inlet  works,  in  water  10  feet  deep,  July  23, 
1885. 

No.  10,  inlet  cut  of  the  preseut  works  at  the  outer  end  of  breakwater, 
July  23,  ISa^. 

No.  17,  the  inlet  basin  at  the  bay,  at  the  outer  end  of  the  pipe  leading 
to  the  pumping  station,  July  23, 1885. 

No.  18,  same  point  as  sample  No.  17,  August  11,  1885;  turned  very 
black  on  ignition. 

No.  19,  well  at  pumping  station,  inner  end  of  pipe  leading  from  the 
bay,  August  11,  1885. 

No.  20,  hydrant  near  the  corner  of  Fourth  and  Water  streets,  August 
14,  1885. 

No.  21,  hydrant  near  the  corner  of  McChaw  avenue  and  Harrison 
street,  August  14,  1885. 

No.  22,  same  point  as  sample  No.  20,  but  when  there  was  a  large 
quantity  of  sediment  from  flushing  the  pipes;  sample  taken  August 
22,1885. 

No.  23,  a  point  ;i,000  feet  NNE.  from  the  present  inlet  basin,  in  water 
7i  feet  deep,  September  25, 1885. 

No.  24,  a  x>oint  5,500  feet  NNE,  from  the  present  inlet  basin,  in  water 
10^  feet  deep,  September  25, 1885;  blackened  slightly  on  ignition. 
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Analyses  25  to  33  are  sanitary  analyses  by  Prof.  V •  C.  Yaaghan,  made 
at  Ann  Arbor.  The  dates  and  the  original  numbers  (in  parentheses), 
the  results  of  microscopio  examination,  etc.,  are  as  follows: 

No.  25  (259),  April  19, 1895,  water  said  to  be  from  the  bay^  i*  ^•^  t\skA 
upjier  part  of  the  Detroit  River  (1);  rea^Wow  ^^\i\X^  «S^'a^Aafe\  Xifi^" ' 
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fb0  rogular  msparaUaa  of  aUloa  before  the  BeparKtioa  of  •lamina  aiDd  fame  nxtde 
t^afco  plMW. 

ETaporatlon  wa«  curled  on  iu  brond,  ahollow,  ^lit«r  porrelaln  diahea,  cnrati 
WItb  H  fiiDoel  of  apeclal  design  with  an  iacorred  rim, made  to  ^t  auiigly  (but  onfor- 
tanutel.v  tiiit  air  tightl  uiion  the  rim  of  the  eraporattng  disb. 

I  aa;  uDfortntiatelj  not  air  tight,  for  Mallet  baa  shown  that  Uie  llamv  of  the 
BniiBen  burner  in  time  prodiii'os  quite  appreciable  amounta  (when  fine  work  is  ( 
sldered)  of  (Nll.Jf^O.  and  that  nnlesg  the  evaporating  dish  ia  kept  tightly  povond, 
danger  of  error  from  this  cause  is  likely  to  occur.  {See  HoUut'e  Report  '>d  Wats 
Analfsia  in  tUi>  Report  of  NaliODsl  Bonn!  of  Health,  1883,  p.  IM,  where  he  sbon 
QiAt  nitroKcii  detenuinationH  by  Fntukland'H  oombnation  proress,  oa  ordinarily  «ni- 
dnotod,  give  tuo  high  results  from  this  cause.)  Mention  uf  this  is  luade  here  otij 
-to  iDdicat«  that  this  might  possibly  somewhat  affect  the  determination  of  snlphork 
«eld. 

To  tbi-  nozzlo  i>r  the  funnel  wua  attached  a  rubber  tube  cuoiieoted  with  a  watv 
iMCtlon  pipe.  This  served  to  create  ;i  rurefoctioQaboTe  UieoTaporatmg  water,  therein 
inoreoaing  the  rate  of  evaporation  and  permitting  tbe  ase  of  the  lower  teraperatnn. 
Any  Bt'sam  failing  to  pass  off  through  tbe  pump  ttecanse  of  ooudensation  od  eid«e  of 
■tbo  funnel  could  not  run  back  iuto  the  dish,  but  was  caught  by  the  iocnrred  rim 
of  tbe  funnel.  Extraneous  partiolea  of  dnat,  etc.,  ware  oIho  thns  excluded.  Whea 
ifeotal  DolidH  were  to  lie  estimaled  evaporation  waa  in  no  ciae  continued  to  dryneu; 
ibnt  tbe  liqnid  coDCtntrated  to  about  200  cubic  centimeters  waa  carefolly  traunferred 
lin  portion*  to  a  large  platinum  evaporating  disb,  with  aiibaequent  thorongb  rinsing 
With  distilled  water,  the  nhole  I'vaporateit  to  dryness,  dried  iu  tbe  air  bath  at  lOO^ 
'0>  for  tlireo  hours,  cooled  in  a  dveiccator  over  aulphnrio  acl<],  and  weighed  for  totsl 
(■oliila.  Fire  aucb  iletermi nations  wem  mode,  The  residue  was  ignited  at  low  red 
'heal  for  about  two  lioiini  to  oonstant  weight,  cooled,  and  weighed  as  tiitNl  inarganic 
■oliils.  In  a  few  cases  this  latter  residue  was  treated  with  (KH.)i  CO,  in  solntioa, 
lebeated,  and  weighed  agolu;  but  the  iucreoM'  averaging  only  0.6  uiitligrams  jier 
liter,  this  operotion  was  sabBequendy  neglected,  although  uecoont  was  taken  of  it 
in  liunl  ri-siills. 

One  and  one-half  liters  were  cciiiceiitrated  byevaporalicm.  transfeirril  rci  pluliniirn 
disb  and  evaporated  to  dryness,  weighed,  ignited,  ,ind  wei);hei1  iifjaiu,  as  described 
above,  for  total  Holida  and  innrganjc  Bolide.  The  residue  wax  tlieu  exumilitd  ijiiali- 
tatively.  by  tlir  usual  metliods,  with  {,'ood  tests  resultinj;  for  Al,  Ke,  Ca,  Sr.  and  Mg 
(rather  fainter  test).  The  tiame  test  uhowed  ^'a  but  no  K,  which  occasioned  somf 
nnrprisi-.  Through  the  kindnosN  of  Prof. L.  \V.  Langley.  the  aiii  of  hi-  speotriiBiojii- 
and  bis  personal  oaBistiincc  were  Benircd  to  identify  any  of  the  rarer  metals  iLsi 
might  be  present — it  being  thoiiglit  that  I>i  at  least  might  be  present ;  biil  iinthiui: 
wua  found  that  bad  not  been  already  identilied.  except  that  faiut.  evanesrent  ihielLi;!- 
of  K  were  seen. 

Thinking  tbut  previous  estimation  of  total  solids  and  ronsequeut  ]>r»rr.><lii] 
ignition  of  tliis  sample  niigUt  possibly  have  atl*ected  the  spectrosfiipie  nsiili  some- 
what, l»<i  01  three  fresh  trials  were  made  on  conceutraterl  solutions  biifort'  lull 
evuporutiuu,  but  with  tio  different  resultH. 

I'b  was  tested  for  in  a  largo  8.iueh  test,  tube  full  of  the  sample  (fitter  nciduLittmi 
with  1  to  H  drops  of  aceti.-  neid)  by  addition  of  a  drop  of  solution  of  KjCrjO;  wiiii 
no  result,  (!u  was  tested  for  in  a  similar  manner  with  I  to  '2  drops  of  sohitioti  v( 
KiFeCji,  and  allowed  to  stand  over  night,  when  a  very  faint  green  or  grecnisli-lilue 
tint  WHS  apparent,  evidently  due  to  Fe  only.  Mn  was  tested  for  by  I'l.O;  ami  HN"(' 
(in  conccutrati'd  solution),  with  no  result. 

Fair  tests  for  HCI  and  H..S(.t,  were  obtained.  (1  water  and  CS,  showed  seareclj 
detinable  traces  of  Br,  anil  (NH,)^MO.  in  HNOi,  solution  gave  no  diatingujshalile 
trace  of  H,PO„  and  no  I  nor TiOj  was  found,  .ill.of  course,  worked  for  from  Lomtn- 
trated  solutions.     Most,  if  not  .ill,  nitrates  and  nitrites  would  have  boon  destroyed 
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by  ignition  in  presence  of  organic  matter  and  were  therefore  not  looked  for  at  this 
point.  (See  under  quantitative  work.)  In  reference  to  the  comparatively  few  ele- 
ments found,  it  is  to  be  remembered  that  different  results  might  reasonably  have 
been  expected  could  larger  quantities  of  the  water  have  been  spared  for  such  work. 
For  quantitative  work  in  each  case  3  liters  were  taken  and  evaporated  to  dryness, 
after  acidulation  with  IICl  and  SiOs,  separated  in  tlie  usual  way,  with  care  against 
high  heating  and  consequent  danger  of  partial  reunion  of  separated  SiO^  with  the 
bases.  FejOa  and  ALO  i  were  precipitated  from  tho  filtrate  by  boiling  with  fair  excess 
of  HHhOH  (in  presence  of  NH4CI)  and  the  united  oxides  weighed.  The  Fe  was  subse- 
quently subtracted,  aft<^r  volumetric  estimation  by  Oudemans'  method  (i.  e.,  by 

jQ  NaiSiOs  in  presence  of  CuSO^,  with  a  drop  of  KCyS  as  indicator)  and  also  by  the 

excellent  method  described  in  Professor  Cheever^s  Laboratory  Notes  (Part  I,  p.  27, 
and  Part  II,  p.  6),  by  reducing  FoaClo  to  FeClj  iu  boiling  HCl  solution,  by  means  of 
SnCl>  carefully  added  from  burette,  and  any  excess  of  SnCli  taken  up  with  HgClj  and 

the  FeOL-  titrated  with  jq  K«Cra07.      Al   and    Fe  were   also  <lirectly  separated  by 

pouring  into  boiling  KOH  in  excess,  after  the  method  of  Fresenius. 

Ca  and  Sr  were  precipitated  together  from  the  filtrate  from  Fe  and  Al  by  addition 
of  (NH4)iCiOj  and  (NID^COa,  the  combined  precipitates  carefully  heated  in  plati- 
num crucible  by  playinpj  back  and  forth  underneath  a  Hinull  fiame  and  carefully 
noting  the  change  iu  color  of  the  precipitates.  After  thus  working  to  constant 
weight,  the  residue  was  t<*sted  with  a  bit  of  moistened  turmeric  paper  to  see  that 
no  reduction  to  oxides  had  occurred. 

The  Ca  and  Sr  were  then  separated  by  the  method  of  H.  Rose  (given  by  Fresenios) 
by  precipitating  with  (NH4)aS04,  filtering  hot,  and  continued  washing  with  con- 
centrated solution  of  (NH4)2S04  until  filtrate  showed  no  test  with  (NH4)3C404. 
This  filtrate  after  concentration  was  reworked  for  Ca  by  reprecipitation  with 
(NH4)sC204.  The  Sr  was  treated  similarly  to  BaS04  and  weighed  as  SrS04.  After 
weighing  Ca  as  CaCOi,  in  addition  to  the  precautions  mention<id  above,  the  precipi- 
tate was  in  each  case  dissolved  in  excess  of  boiling  .q  HiS04,  to  expel  COs,  and  the 

n 
exces8ofH2S04  neutralized  by  -  KOH,  with  phenol  phthalein  as  indicator,  and  Ca 

recalculated  as  a  check. 

Mg  was  precipitated  from  the  filtrate  from  Ca  and  Sr  in  the  usual  way,  as  NH4MgP04 
and  weighed  as  Mg-jPaO;.  Double  precipitation  of  the  Ca  and  Sr  was  performed  in 
each  case  to  insure  separation  of  Mg. 

One  liter  was  taken  in  each  case,  and  the  Na  separated  and  weighed  as  NaCl,  and 
then  dissolved  in  water,  and  the  CI  estimated  with  standard  solution  AgNOa,  and 
Na  recalculated.  The  method  for  separation  followed  is  the  one  used  for  separation 
of  K,  recommended  by  the  Association  of  Official  Agricultural  Chemists,  1886  (Dept. 
Agriculture,  Div.  Chem.,  Bull.  No.  12).  The  principle  is  familiar,  i.  e.,  the  removal 
of  bases  and  H8SO4  by  boiling  with  Ba(OH)>  and  a  little  BaCl.^,  filtering,  and  remov- 
ing Ca  by  (NH4)iC:04  and  the  excess  of  BaCl^  by  (NH,)2C0  ,  the  evaporated  residue 
ignited,  dissolved,  filtered,  acidulated  with  a  drop  of  HCl,  ignited,  and  weighed  as 
NaCl,  and  treated  as  above.  Great  care  and  practice  seem  essential  to  obtain  any- 
thing like  closely  concordant  results.  In  the  following  table,  because  of  consider- 
able divergence  in  the  gravimetric  results,  only  the  volumetric  results  are  considere<1, 
the  average  of  all  being  taken.  That  appreciable  quantities  of  NaCl  may  be  lost  by 
several  minutes'  ignition  at  red  heat  is  shown  by  Fresenius's  experiments. 

HsSOi.  The  precipitate  in  the  preceding  results  for  Na  (thrown  down  by  Ba(OH)fl 
and  BaCli)  was  treated  with  HCl  in  excess  in  hot  solution,  thoroughly  washed  and 
treated  as  usual  for  BaS04. 

HCl.  One-half  to  one- fourth  liter  was  concentrated  to  about  100  cubic  centimeters 
and  the  CI  estimated  by  AgNO,,  with  K^CrO^  as  indicator.    Two  strengths  of  the  sola- 
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AgSO,  wcra  triad;  No.  t,  1  ontili'  ciintliDetiir  at  the  HolDlii>ii^=l  milligtiiai 
■C\i  aiulNri.2,  1  cubic  ueatimoternr tliuH'>liiii»D  =:U.l  mllligmiu  Ci. 

Combined  COj.  250  cnbic  ceiitiiiiMurit  woe  concentrated  U>  al-otit  100  cubic  ceiili- 
meteni,  und  moderate  eu'eaaos  of  —  H,SU|  ran  in  tmm  bnratte,  and  the  aolntiou  km 
boiled  to  free  it  from  CO,,  Tben  okipsb  of  soid  was  n.-atrTilized  with  "  KOH  wiUi 
,  ptiemil  pbtlialtdn  us  indicator.  FreseniiiH  rncommeudB  HNOi  wltL  tinctmv  coohineil 
'iniliantor;  Imt  probuhl  j  Ihrongh  iuexperience  in  itauaa  tbereenlta  were  not  thoughl 
,  t<i  be  BO  Batisfnctory  ni  tbii  metlioil  meutioned  aboTti.  I  aiu  nwate  tbitt  the  method 
■riliipted  ia  open  to  very  Mriiius  objitctjnas,  not  Uio  li'ftHt  itT  which  is  the  dauKet  of 
HoM  of  IICI  utd  HNOi  on  boiling  lo  I'xpel  CO,.  It  niia  atl«wptod  b>  avoid  this  and 
itbe  conseqneiit  higher  resnltij  us  moi-h  as  possible  b,v  working  to  get  the  nppniii- 
tnute  point  with  the  etiindard  alkali  with  tnruicrio  indioiili>r  before  boiling,  ud 
jlhen  tlniabing  in  the  iibiihI  w»;.  It  will  bo  ubnervetl  that  if  all  Ibe  HCl  ftnd  IDiO, 
went  lust  it  would  increniie  the  readiu);  fi-r  CO,  about  1.7  luilUgTam?  per  liter.  It 
would,  on  the  whoU>,  perhapi  have  beoii  betb-r  to  Iiilvo  lued  the  tbeorelicall;  much 
^tter  method  of  libcmting  the  COj  by  uriJnlalion  in  cliiaed  fluakfi  and  absarbinj 
tboCOi  In  kOil  hullisorHlandnrd  fia(6u),  solution  by  Pettuukofer'a  lui^thod.  Tbit 
waa  not  trind,  however,  fiiim  I'eai  of  loss  in  tranaferring  Iroui  evaporating  dish  U 
JlMk. 

RThe  npecitic  gntvlty  of  the  diah  of  water  was  taken  by  the  Bpberical  ipecifie- 
fravil;  Uattlo  used  In  llila  lalioriitor;,  and  both  distilled  water  and  the  aaiuple  wan 
.  bronj^t  to  37^  C,  liefura  lilliuK  ttie  bottle. 

In  the  followlug  table  all  the  re^nlta  are  thu  average  of  reeulte  ubtMUied  and  in 
'90  cue  the  reaiill  of  a  single  eatimatiou. 

All  reeults  ore  given  in  parte  per  million ;  or,  what  ia  the  name  thing.  millii;;iadu 
tjper  litar. 

.U.  Lakt  SnpfTior  u-aUr. 

Spmiflo  gmflty  (at  S7"  Cl L  Mn 

'Vtitolnsldiw «,*: 

IboijimiIo  twidoe - ST.fil 


The  piiriMise  ()f  this  seroiid  set  cif  tigiires,  with  ha.'^cs  reportpd  as  Cro 
elements  jiiid  the  auids  as  iicid  mdic^als,  is  that  tin-  lotul  results  iliii 
obtaiiii'd  iiijiy  be  cuiiniiii'i'il  witli  tlu'  inor'.-iinic  residue. 
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Analyses  3r>A  and  35B  in  the  Appendix  are  of  water  from  Board- 
man  Kiver  near  Traverse  City,  the  former  made  by  \i.  C.  Kedzie  and 
the  latter  by  the  Dearborn  Drug  and  Chemical  Works,  and  they  agree 
in  indicating  a  relatively  soft  water. 

Analyses  Nos.  35  to  38  are  boiler-water  analyses  made  by  the  Dear- 
born Drag  and  Chemical  Works,  of  Chicago. 

No.  35  is  of  the  Battle  Creek  city  water  supply,  which  is  usually 
obtained  from  Lake  Ooguac,  and  was  made  for  the  Advance  Threi^lier 
Company  on  August  0, 1897. 


■^ttOWEH  SIK  UIOAN   MINEUAL   WATEE8. 

No.  3ti  is  of  wat<?r  from  the  Shiawassee  tUver  at  Owosso,  and 
BBOde  for  the  Estey  Matmfiicturing  Company,  factory  A,  on  Octol 
30, 1897;  there  is  less  matter  in  solution  at  Owosso  than  farther  di 
the  river,  as  abown  by  No.  3!>. 

No.  37  is  of  wat#r  from  the  Grand  Kiver  at  Jackson,  and  was  mi 
for  the  Withington  Oooley  Mannfactnring  Company  on  Febmaryll 
1897. 

No,  38  ia  of  water  from  the  creek  at  Ann  Arbor  ( I  the  Haroii  Kiveii, 
and  WBB  made  fur  the  Ann  Arlwr  Electric  Company. 

Analyses  Nos.  39,  40,  i'J,  43,  and  U  were  made  by  <i.  A,  Kirchmaif? 
for  the  board  of  water  commissionera  of  the  city  of  Sa^naw,  and  were 
pabl)she<l  in  the  aupt>lementt4)theanuualrei>ort  of  that  board  forl8!rJ; 
pages  31-3;i. 

No.  39  is  of  water  from  the  Shiawassee  Biver. 

No.  40  is  of  water  from  the  Oa«B  Kiver. 

No.  41  waa  made  by  J.  E.  Graves,  of  the  Dow  Chemical  Company; 
the  sample  waa  taken  from  the  Midland  water  supply  (Chippewa  Kiver) 
OD  July  27, 1896.  This  aualytiis  is  very  like  analysis  No.  44,  of  water 
iirom  the  Tittabawassee  liiver. 

No,  4:^  is  of  water  from  the  west-side  pumping  station,  Sagiuaw,  and 
its  thoroughly  unsatisfactory  condition  will  be  treated  ia  a  later  paper. 
The  chlorine,  0.0494,  is  the  highest  of  the  set. 

No.  43  is  of  water  from  the  east-side  pumping  station,  Saginaw. 

Analyses  43A  to  43D,  made  by  H.  aTid  W.  Heim  for  S.  G,  Hi|rgiIl^ 
show  the  composition  of  Saginaw  Biyer  water  at  varions  places  and 
the  iiicrcasi.'  in  XaCf  iind  organic  residue.  The  imimrities  in  tho  water 
incrciirse  downstream.  On  tlic  whole  the  magnesia  and  limt  alsii 
iticrease,  iilthoiigli  (luite  iireguhirly. 

No,  44  is  of  water  from  the  Tittabiiwassee  Eiver. 

No. -ir)  is  of  water  froin  the  Saginaw  liiver  at  liay  City,  an.l  was  inadv 
by  Prof.  A.  II.  I'rescott  at  the  same  time  as  the  analyses  of  the  \'.i\ 
City  supply  {Nos.  V^  to  1,'4),  namely  in  July,  1885.  The  sndden  inureasi' 
in  CaO  and  ciilorides  together  is  due  to  contamiTiation  l)y  the  waste 
bitterns  of  salt  niaiiiifaeture.  The  Marshall  sandstone  yields  brines 
with  considerable  calcium  chloride.  The  amount  of  lime  carbonate  does 
not  increase  with  the  general  increase  in  mineral  matter,  but  siiowsa 
stnmg  tendency  to  stick  at  about  one  tenth  of  an  (nuice  per  cubic  foot, 
which  is  enough  to  in<Iicatc  the  preseiK'C  of  biearboimtes.  Sulphate-* 
of  lime  are  iilinost  invariably  present,  though  the  sulphate  ia  si>inetimi-s 
retnrned  only  as  sulphate  of  magnesia.  Throughout  the  coal  basin  ami 
southwest  of  it  this  salt  is  very  prevalent  both  in  wells  and  streams. 

Ten  analyses,  by  college  students,  of  water  from  a  brook  near  the 
Agricultural  College  (analysis  No,  3tJA  in  the  Appendix)  give,  as  iin 
average  residt,  a  much  softer  water  than  most  of  the  stream  water* 
analyzed.    The  sample  was  jnobably  taken  after  a  rain. 

A  series  of  twoiity-two  analyses  of  waters  from  marl-deposiriug  and 
otlier  liiki^s,  ivolls,  and  evUlet  sUeams,  wi\\<iv,\.iii!i.  \-t-^  Vi.  ^.  H.ale,,  nciir 
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Cloverdale,  Barry  County,  were  made  by  A.  N.  Clark.  The  MgOOa  is 
usually  between  0.065  and  0.085  parts  per  thousand,  the  extremes  being 
0l203  and  trace.  The  amount  of  CaCOs  is  more  variable,  being  as  high 
as  0.217  and  never  less  than  0.030.  As  much  as  O.OGG  of  free  CO2  was 
Bometimes  found,  supposed  to  be  in  addition  to  that  present  as  bicar- 
bonate. 


46. 
Cadillac. 
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Analyses  Nos.  46  to  61  are  sanitary  analyses  by  Prof.  V.  C.  Yaughan, 
of  Ann  Arbor,  and  are  in  general  subject  to  the  same  remarks  and 
interpretation  as  the  others  (see  p.  44). 

No.  40  (11);5),  water  from  Clam  Lake  near  Cadillac,  July  29,  1893; 
brownish,  musty;  microscope  shows  vegetable  libers  and  a  few  forms 
of  animal  life. 

No  47  (21)4),  water  from  a  Battle  Creek  hydrant;  reacts  alkaline,  and 
nnder  the  mi(;rosc()pc  shows  diatoms  and  inorganic  matter. 

No.  48  (345),  water  from  a  lake  in  Mancelona,  T.  29  N.,  R.  6  W.,  No- 
vember 17,  1896.  The  water  is  reddish  brown  in  color,  has  a  marked 
odor  and  acid  relation,  and  under  the  microscope  shows  the  presence 
of  considerable  vegetable  matter. 

No.  49  (35),  water  from  the  Pine  liiver  at  St.  Louis;  contained  no 
pathogenic  germs. 

No.  60  (372),  water  described  as  "cloudy,  stinking,''  and  No.  51  (373), 
were  tests  of  Huron  Iliver  water  and  the  overflow  of  the  settling 
basins  of  the  Wayne  County  poorhouse,  October  25,  1897. 

WATERS     FROM     WELLS     IN     THE    UNCONSOLIDATED    DEPOSITS 

(PLEISTOCENE)    AND    FROM    SPRINGS. 

This  group  Includes  those  waters  which  have  penetrated  in  their 
circulation  but  a  little  way  under  ground.  All  the  common  dug  wells 
belong  to  this  class,  and  probably  a  very  large  ])ortion  of  the  waters  of 
the  unclassified  analyses  given  in  a  later  section. 

The  Michigan  board  of  health  has  issued  a  plate  showing  the  rela- 
tion that  the  depth  of  water  in  wells  bear^  to  tb^  ^t«^7'^«ii<(^Ql\iTS^^^^ 


so  LOWER  MlCinCiAN   MINERAL   WATBKS. 

fever  iliiriiig  tlie  dill'erent  uiniittisof  the  year.    Frotii  A|iril  (o.Iiine 
watiT  iti  Ihe  wells  in,  im  an  average,  within  'MO  inclit*  *yf  lli 
of  the  ground,  and  tyi'''oid  f<?ver  is  least  common.     By  <.>t:t«b«w  tl 
average  watar  level  has  fallen  over  30  inelivs,  iiiid  typboid  fe^-er  ii 
moBt  prevftleiit. 

1  begin  with  aiialyi*«a  wliicli  «liow  only  a  Rmall  i>ro{tortioii  of  iuiii< 
mutter — cont*i durably  less  (.haii  1  ounce  to  the  f.nhU:  fofit — ami 
may  Im  cloHsvd  im  pare  drJokhi^  witters,  iwft'  ur  aliglttly  hard, 
of  these  wittdrH  are  r(^[mted  t^j  bwve  rnrative  powei-8,  but  ooi 
any  mineral  taste,  and  tl  fa  prubablf,  an  the  proprietor  of  the  Ponce 
!,eon  spring  remarka,  that  tlieir  virtitu  lies  mainly  in  their  parity. 

Ah  the  penwntage  of  mineral  matter  increases  the  waters, 
wil  bunt  exception,  beeomehard,  and  are  iM>m parable  to  the  river 
iu  lime  (one-tenth  to  two-tcntbit  of  an  ounce  per  cubiu  foot),  but  txml 
more  iron  and  silica  than  the  latter.  In  thenenioro  inineTalized  vatenl 
some  of  the  apparent  variety  in  the  chemical  cnmbinaiiitas  aeem-i  to 
be  dne  to  the  I'am-y  of  the  chemist — for  iinttance,  the  jiresenre  of  sul- 
phate of  potash  in  Home  and  of  carlwnale  of  potatdi  in  others  of  tlie 
Benton  Harbor  Hastumn  springs.  Analyses  by  Diiftield  ar«  partin 
larly  unnsnal  in  the  conibiuations  attsnmi'd. 

It  will  bo  noticed  on  t»mparing  the  deeper  and  shallower  well."  .it 
Traverse  City  (Noh.  5G  and  S7),  at  IloUand  {Koti.  147  and  159).  and  st 
Ypsilanti  CNoh.  70  and  71).  that  no  tendency  ia  seen  toward  a  greater 
mineralization  with  depth — the  rule  which  prevails  among  wells  in  the 
rock.  It  is  probable  that  a  carefnl  stndy  would  show  a  zone  close  to 
the  siirfafe.  :i  foot  to  a  ffw  feet  .l.iwn.  from  wlik-li  tlie  linio  ba.I  liet-li 
removetlliy  li'Jii'liing,  li.r  at  Mi'i-osrn  :iiid  orlicr  pl:ires  I  liuvc  loniid  \t'rv 
shallow,  easily  eshnu.sted  wl'IIb  used  Ibr  bviiLidry  piirpost's.  Tlieii  ju-'r 
below  thi.s  would  be  a  belt  in  whicli  the  lime  iiiid  iniTi  hiid  lieeii  iii'[w- 
iteil  iks  a  cement  in  estra  richness,  while  Imwit  down  wuiihl  be  tiidini 
waters  of  thu  nniiltered  drift. 

Finally,  there  is  a  gronji  of  waters  [analyses  Nos.  T.'l  to  sii)  \vliii-|i  nn- 
strongly  snipliiited,  and,  with  the  exception  of  tlie  Iietroit  wi'H.  rmiii' 
from  the  siinie  region,  i\  region  in  which  gypsum  bowlilei-;  hine  bc'ii 
found  scatteitid  in  the  drift.  The  exception  (Xo.  7'>)  has  more  salt  ilian 
the  otiiers,  and  is  nii>r6  like  a  weak  brine.  Noiir  Marine  <'ity,  on  tIk- 
fai'ui  of  Mrs.  E,  (iardner,  there  is  a  well  of  which  no  curiiplcii'  aiiMl>si- 
of  the  water  is  available,  but  which  is  said  to  contain,  <nit  tnu  tlnm-.ni.i 
grains  })er  gallon  solids,  nnue  than  half  MgSO,  (Kpsoni  salts  .  Siii  ii 
snl|ilial('d  wiiters  maybe  due  either  to  llie  solution  of  gypsum  or  In 
the  production  of  sul])hnric  acid  or  sulphates  by  ihc  decnmposition 
of  pyrite,  which  is  abundant  in  the  drift  and  in  the  rock,  and  tlicn 
subsetjuent  reaction  upon  carbomites  or  chlorides. 

The  wbolcsomeness  of  these  sulphated  waters  tiepeuds  largely  on  tli<- 
individual  constitution.  I'rotessor  Kedzie  condeiuiicil  waters  from 
Mount  PleasiLiit  us  too  higii  in  sulphates  (and  I  should  agree  with  him 
which  I'rolitsnoi-  \"aughan  iiaftseA  as  gimiV  WvAvast^  fi't^e  from  dangemus 
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>rgauic  contaiui nation.  I  tiud.  Iio\v«-\t-:,  ;iia;  i.i  siirh  icjLrioiis  some 
loctors  complain  of  the  prevalence  «>i"  iiiili^('stii*ii.  (-unstii»ation,  and 
salculi. 

Belonging  to  the  gn>np  of  highly  >ul]»it;ii«'il  iniiM-rali/iMl  waters  from 
the  drift  of  the  center  of  the  Stat*-  a:e  jnobabiy  some  of  tht*  analyses 
by  Kedzie  of  waters  arounil  Saginaw  N«is.  Iti^^  i.i  11  o,.  imr  as  some  of 
those  wells  penetrate  a  few  feet  into  the  top  >anilst4int'.  and  as  others 
draw  their  water  fnmi  a  he«l  immediate] v  overlvinjr  it,  i  have  deemed  it 
better  to  treat  them  in  the  next  srrtion.  ^ijire  it  is  noi  certain  how  far 
wells  in  the  drift  only  are  minerali/i'd  under  that  <-iry.  For  examjde,  the 
well  at  905  Conrt  street,  East  Saginaw,  ahont  >»i»  feet  dee]),  gave  in  the 
analysis  of  Dr.  Small  only  0.5  grains  \n  1  liter,  or  o.liM  j^irt  to  a  thou- 
sand solids,  with  a  faint  CI  reaction.  Tiif  two  .Midland  waters  (anal- 
rses  Nos.  75  and  77)  .re  in  practically  the  >ame  class. 
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f  ^0.  52  is  of  water  from  the  Ponce  de  Leon  spring,  Grand  Bapidt, 
John  I>eB<>e,  anuly&t;  bottled  and  used  commercially  siuce  1848;  bal 
no  color,  taste,  odor,  or  eedimeut;  specific  weight  at  59°  F.,  l.OOK^ 
found  under  22  feet  of  clay;  contains  no  nitritPB;  0.000422  (0.031^ 
nitPiites;  0.000015  (0.00087)  free  ammonia;  and  0.000022  (0.00128)  alb* 
mlnoid  ammonia.  (For  further  notes  and  record  of  temperatorcK 
(fiffereut  months  in  the  year,  see  a  later  paper.) 

No.  53,  F.  8.  Kedzie,  analyst  for  E.  Shay  &  Son ;  water  from  330.6)0* 
well  at  Harbor  Springs.     (See  description  in  a  later  paper.) 

No,  64  is  of  water  from  Greenville,  February,  1888;  furnisbed  byd^ 
olerk.    Usygen  reduced  by  permanganate  0,0003. 

No.  55,  Ann  Arbor,  water  from  v^l  on  north  side  of  campus,  70  feet 
8  inches  deep:  T.  0.  MrXeill,  analyst;  temperature  ■.'iO'^:  bieunial  rejiort 
of  State  geologist  (Michigan),  l.SOl,  page  L'O.'J. 

No.  50,  F.  S.  Kedzie,  analyst;  nitrates,  a  slight  trace;  nitrites,  none; 
water  colorless,  odorless,  tasteless,  of  excellent  quality;  compare  witb 
analysis  Xo.  3.  This  analysis  is  cited  in  Rafter's  report  to  the  city 
council  of  Traverse  City  as  from  Park  Place  Hotel.  A  full  dcscriplitm 
of  the  numerous  deep-flowing  wells  of  Traverse  City,  of  which  this  is 
an  example,  will  be  found  in  ii  later  piijier. 

No.  57,  Dearborn  Drug  and  Chemical  Works,  analysts;  primarily  a 
boiler-water  analysis;  Na  and  K,  Fej  and  Al,  iucluded  together.  Well 
deepened  since  analysis  was  miulc.  (See  descri|itiou  in  later  pajwr.f 
The  city  is  not  supplied  from  these  wells,  the  water  being  too  bard,  hnl 
from  the  bay  (Nos.  2A,  2B,  2C,  and  3), 

No,  5S,  ,1,  E,  Clark,  aniilyst;  Welcome  Islaud  lithia  water,  3  miles 
north  of  Poutiac,  in  the  center  of  Lake  Angelus, 

No.  58A,  an  analysis  of  water  from  the  Mount  Clemens  Pagoila 
springs;  analysis  of  a  much-used  similar  water  will  be  found  in  tlie 
Appendix;  C.  G.  Wheeler,  analyst;  temperature,  52°, 

Nos.  59  to  62  are  of  waters  from  four  out  of  the  thirty  or  more  springs 
of  II,  K,  Eastman,  1  and  2  miles  southeast  of  ISenton  Hitrbor;  Professor 
Uaiues,  analyst.    The  more  minorali/ed  waters,  with  the  greater  six- 


uAin.]  WBLL8  IN  UNCONSOLIDATED   DEPOSITS.  35 

csifi'c  weight,  seem  to  have  a  higher  temperature  and  perhaps  draw  from 
ft  deeper  layer,  as  follows : 

No.  59,  water  from  King  David  spring,  Benton  Harbor;  tempera- 
bare,  50O  F. ;  specific  weight,  1.000. 

No.  60,  water  from  ^Iver  Queen  spring,  Benton  Harbor;  tempera- 
ture, 50O  F.;  specific  weight,  1.000125. 

No. 61,  water  from  Saul  spring,  Benton  Harbor;  temperature,  51°  F.; 
sf)ecific  weight,  1.00025. 

No.  62,  water  from  Colonel's  Own  spring,  Benton  Harbor;  temper- 
ature, 610  F.;  specific  weight,  1.00025. 

No.  63,  water  from  Petoskey  springs,  F.  S.  Kedzie,  analyst;  12°  total 
hardness,  2^  permanent  hardness.  Compare  the  analysis  of  water  from 
the  deep  well  (No.  294)  in  the  Dundee  limestone. 

No.  64,  water  from  Alma,  C.  A.  Davis,  anal^^st;  originally  stated  in 
grains  per  United  States  gallon  for  the  Alma  SaViitarium.  (See  fig.  3, 
and  compare  descriptions  and  tests  of  waters  from  Alma  wells  in  a  later 
paper.)    Temperature,  48.2o  F.;  reaction  neutral  or  slightly  alkaline. 

No.  05 J  water  from  Nochemo  spring;  11.  Fischer  and  A.  B.  Prescott, 
analysts;  original  statement  in  grains  per  United  States  gallon.  Water 
bottled  and  sold  is  from  flowing  driven  wells  in  a  river  bottom ;  the  yel- 
low of  a  chalybeate  water  is  very  apparent  about  them.  The  region  is 
said  to  be  an  old  deer-lick.    (Compare  analysis  No.  83.) 

No.  66,  water  from  spring  on  land  of  Solomon  Mann ;  T.  C.  McNeill, 
analyst;  temperature,  50^  F.;  specific  gravity,  1.001.  Basis  of  sanita- 
rium for  several  years.  Biennial  report  of  the  State  geologist  (Mich- 
igan), 1861,  page  204;  Winchell,  Geology  of  Washtenaw  County 
(History  of  Washtenaw  County),  1881,  page  14.  The  CO2  is  partially 
free  and  partially  combined  acid.  The  water  from  Mount  Clemens 
Pagoda  springs  (No.  58A)  is  similar. 

No.  67,  F.  S.  Kedzie,  analyst;  Way  land  spring  water.  There  are 
many  flowing  wells  in  Wayland,  but  only  one  is  a  rock  well. 

No.  68,  cited  by  A.  C.  Peale,  Bulletin  U.  S.  Geological  Survey  No.  32; 
B.  S.  Kedzie,  analyst.  Water  contains  a  trace  of  11^,8  and  8  cubic 
inches  CO2  per  gallon,  and  is  from  a  rock  well;  the  amount  of  potash 
is  abnormal  and  reminds  one  of  the  Midland  analyses. 

No.  69,  Warner's  spring,  Albion;  D.  Fall,  analyst;  cited  by  Peale, 
Balletin  CJ.  S.  Geological  Survey  No.  32,  from  Kej)ort  State  Board  of 
Health,  1875,  page  89;  from  flowing  springs  south  of  Lake  Shore  and 
Michigan  Southern  Itailroad. 

No.  70,  F.  S.  Kedzie,  analyst;  water  trom  Ypsilanti  city  waterworks; 
qaality  excellent.    (See  flg.  2.) 

No.  71,  18- foot  well;  Dearborn  Drug  and  Chemical  Company,  ana- 
lysts for  the  Ypsilanti  Electric  Company;  a  boiler- water  analysis, 
originally  stated  in  grains  per  United  States  gallon. 

No.  72,  P.  (T  S.)  H.  Douglass,  analyst;  cited  by  Peale,  Bulletin  U.  S. 
Oeological  Survey  No.  32. 
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jwell).  if  it  is  tbe  one  of  which  Mr.  Lincoln  has  famished  a  recoil,  ia 
D  the  Pleistficeiie,  Imt  if  not,  as  the  drift  i-s  thick  over  all  the  regico 
ind  as  I  am  informed  that  rock  has  not  been  struck,  it  is  probablya 
Irill  water,  although  it  Kbonld  perhaps  have  been  iDcloded  here  in 
|ie  QuclassitiiMl  nection,  rather  than  as  analj'sis  No.  72.  The  LanKin;; 
nagiietio  (Michigan  Congress)  well  sliowa  by  its  depth  that  it  goes 
SliODgli  the  Marshall.  It  is  plngged  part  way  down.  The  teniperatore 
|63.5°  F.)  being  not  more  than  7=  above  the  mean  annnal  temperature 
ft  the  place,  indicates  that  the  main  How  is  from  the  same  horizoa  u 
^e  deep  Agricultnral  College  well,  i.  e.,  trom  the  Marshall,  and  tbe 
t&alyses  (Nos.  241  nnd  242)  show,  as  I  have  likewise  been  iafonned, 
that  the  upper  calcic  waters  are  not  cased  ont.  The  Leslie  magnetic 
irell  is  almost  certainly  from  the  Coal  Measnres,  though  we  have  placed 
Ibe  analysis  near  those  famished  by  I'rof.  F.  S,  Kedxie  below  (No.  228). 
the  Midland  magnetic  well  (analysis  Ko.  77)  has  been  placed  for  oom- 
Hvison  beside  Xo.  78.  Its  temperature  indicates  that  its  depth  is  no 
greater  than  that  of  No.  78,  but  the  analysis  needs  verification,  and  it 
nay  be  merely  an  orroueoaa  form  of  analysis  249,  which  water  is  froin 
lie  Coal  Measures.  We  have  no  analysis  of  the  water  from  the  Arcade 
Soilding  mineral  well  at  Grand  Rapids,  unless  some  of  tbe  uncertain 
Htslyscs  of  Tanghan  or  Kedzie  refer  to  it.  The  Moorman  well  (analysts 
Rob.  304  and  305)  is,  as  is  obvious  from  the  description  below,  from  the 
temperature  (57,5o  F.)of  the  water,  and  from  the  section  shown  in  fig. 
2,  chiefly  from  the  Helderberg  limestone.  Owen's  mineral  well  {06.6' 
F.)  and  the  Tpsllanti  mineral  well  (SS-l^  F.)  are  similar.  The  Mount 
CJt'flJi'DS  s;jiji)^'s  are  Jroiji  the  Miime  horizons.  The  Oj.'c.'ma\v  miiifral 
springs  arc  iu  all  probability  from  the  drift  and  similar  to  those  arouiul 
Bo.se  City.  The  Otsego  mineral  springs  (analysis  No.  CS)  appear  to  I"' 
from  the  drift.  The  Owosso  spring  analysis  is  most  likely  of  water 
fix)m  one  of  the  wells  into  the  upper  Coal  Measures,  Its  soun-e  is.  bow- 
ever,  so  uncertain  that  it  is  given  below  in  this  section  (analysis  ^o, 
227).  The  Riverside  magnetic  mint'ral  springs  (Springweirs  Fort)  iu 
Detroit  are  from  the  Dundee  and  the  upper  Moni-oe,  as  the  tempera 
tnre  (TiOo  F.)  shows,  and  ai-e  described  in  the  appropriate  place,  Tbe 
St.  Clair  spring  belongs  to  the  same  family.  (See  pp.  77,  7S,)  The  St. 
Louis  magnetic  spring  analysis  (No.  7H)  is  of  water  from  a  deep  drifi 
well  within  tho  coal  basin.  The  Springlake  magnetic  well  analysis 
(No.  265)  belongs  with  the  analyses  of  water  from  the  Fniitpoit  ami 
Grand  Haven  wells,  as  all  draw  from  the  Jlarshall  (Nos.  2(14  to  i''l'i:. 
The  Shawnee  mineral  springs  probably  derive  their  snp]ily  from  tin' 
Helderberg  or  the  immediately  overlying  drift,  but  tbe  wat^.Ts  an' 
not  analy/.ed.  The  temperature  (47°  to  4!P)  is  practically  the  nn';iii 
annual  temi>erature  of  the  place,  which  shows  that  the  wells  are  not 
deep, 

Salphor  springs  are  very  abundant  in  that  region  and  apparently 
derive  their  water  froTn  tlm  Dundee  limestones,  in  some  cases,  perhaps, 
JSvot  tbe  Monroe.    (Compare  anaVyaea  "Sos,  I^V  ^  ^'i.'^ 
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pioion  than  rook  wells,  it  is  obviooB  that  most  of  these  analyzed  waters 
of  uncertain  origin  beloDg  to  the  group  of  the  preceding  section,  waters 
more  or  less  from  the  drift;  this  is  the  excuse  for  introducing  these 
uialyses  here  rather  than  later.  Whenever  one  of  these  analyses  seems 
to  fndioate  a  water  not  from  the  Pleistocene,  attention  is  called  to  the 

GEUSt. 

Peale,  in  Bulletin  IT.  S.  Geological  Survey  No.  32,  does  not  give  the 
[geological  source  of  the  waters  analyzed.  Most  of  them,  however,  I 
have  been  able  to  classify  by  determining  their  geological  source  in 
snch  ways  as  the  following  examples  will  indicate:  The  Alpena  mag- 
netic well  is  certainly  one  of  the  deep  borings  into  the  so-called  Dundee 
timestone,  as  the  temperature  (52^  F.)  of  the  water,  which  is  10^  higher 
than  the  mean  annual  temperature  of  Alpena  (42^),  and  its  sulphnreted 
character  indicate,  and  I  have  placed  it  accordingly.  (Analysis  "So. 
297.)  The  Berrien  springs  are  uncertain,  and  no  analysis  is  given. 
Butterworth's  magnetic  spring,  or  Grand  Bapids  magnetic,  as  I  learn 
from  Mr.  Powers,^  is  a  well  into  the  Marshall,  with  mineral  additions 
from  the  Michigan  series;  or,  as  Mr.  Powers  says,  his  own  well  (the 
Arcade)  draws  from  the  lower  18  feet  of  the  Marshall  sandstone,  which 
is  about  100  feet  thick,  and  has  less  GaCU  than  Butterworth's,  which 
draws  from  the  upper  part.  The  waters  of  the  Ga«eade  springs  ore  not 
analyzed.  The  chalybeate  springs  near  Ann  Arbor,  although  no  anal- 
ysis of  the  water  is  given,  are  in  all  probability  wells  in  the  drift  (see 
analyses  Nos.  55  and  06,  from  Winchell's  biennial  report,  1861,  page 
203,  and  Geology  of  Washtenaw  County,  1881),  and  those  of  Wayne 
County  may  be  from  the  drift,  and  are  likely  to  be  wells  just  above  the 
rock.  As  Peale  remarks,  wells  are  often  called  springs,  especially 
when  the  water  rises  markedly  when  struck.  The  Springville  well  is 
probably  from  the  drift,  but  the  water  is  not  analyzed.  The  Eaton 
Bapids  springs  and  well  are  flowing  wells  from  the  Goal  Measures  and 
fclie  Parma.  (Analyses  Kos.  243  to  247.)  The  proportions  of  GaOOs 
EUid  potash  in  these  analyses  are  characteristically  large. 

The  Erie  sulphur  springs  are  only  examples  of  a  great  number  of 
ralphur  springs  in  the  same  region,  flowing  wells  to  or  into  the  Dundee 
[apper  Helderberg  or  Gomiferous)  limestone,  of  the  same  class  as  the 
Wyandotte  or  Biverside  wells  (analyses  Nos.  296  and  300).  Flint^s  mag- 
letic  springs  at  Three  Elvers,  in  St.  Joseph  Gounty,  being  saline  are 
probably  in  the  rock,  as  the  drift  well  waters  in  that  part  of  the  State 
fcre  not  usually  saline ;  whUe  on  the  other  hand  the  Berea  or  other  saline 
>e<ls  of  the  Goldwater  shales  may  readily  be  struck.  The  Fruitport 
artesian  and  magnetic  well  shows  by  its  record  and  its  temperature  (48^ 
r.)  that  it  draws  water  from  the  Marshall.  The  water  of  the  Grand 
1  Aven  mineral  spring  is  similar  in  analysis,  and  also  comes  from  the 
Canhall  (see  analyses  Ifos.  264  to  266).  The  Grand  Ledge  water  is 
irobably  from  the  Goal  Measures.    The  Hubbardston  magnetic  spring 
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Of  tlio  Ibregoiug  analyses  No.  110,  ami  doubtless  others,  Bbonld  be 
credited  to  I'rof.  It.  0.  Kodzie  aloue.  It  slumid  not  be  forgotten  tUl 
tLese  are  not  all  the  analyses  furnished  me  by  the  Profesaora  Kedzie, 
but  only  those  which  I  preferred  not  to  class  geologically. 

The  first  analysis  of  thia  list,  being  doubtless  of  wat^r  from  the  Grand 
Haven  waterworks,  whk-h  obtain  their  supply  fi-om  driven  wells,  might 
perhaps  have  been  included  amon<;  those  in  the  Pleistocene  if  the  very 
low  percentage  of  mineral  matter  did  not  suggest  that  the  source  is 
practically  Lake  Mich igau,  filtered  through  sand.  The  analysis  is  sug- 
gestive! j' similar  to  that  of  Muskcgou  Lake  (No,  2). 

There  is  next  a  series  of  analyses,  Nos.  82  to  105,  in  every  reiipect 
■comparable  to  the  series  Nos.  r>5  to  89.  As  arranged,  the  soliiis 
increase  from  oue-fifth  to  one-half  of  an  ounce  per  cubic  foot  of  water. 
which  is  the  normal  range.  The  carbonates  invariably  form  by  far  the 
largest  pro|>ortion  of  the  .solid  matter.  The  amount  of  gypsum  is 
ttsually  barely  a  tenth  as  great,  and  there  is  a  small  but  variable 
amount  of  salt,  which  does  not  increase  regularly  with  the  amount  of 
tDiaeral  matter,  and  when  UgXi  \wx3  \)e  u&«.\^u^  in  part  to  sewage  cod- 
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aination.  The  wells  famishing  these  waters  occnr  all  over  the  State 
aept  in  the  central  region  around  Midland.  It  is  noteworthy  that 
»  percentage  of  solids  is  most  commonly  near  0.30  per  tlionsand,  and 
»  hardness  correspondinj^ly  near  15o.  There  is  no  reason  why  any  of 
Me  analyses  may  not  be  of  waters  from  common  wells  in  snriicial 
posits,  and  most  of  them  are  undoubtedly  such.  No.  8.'^,  from  Beed 
by,  is  of  water  from  a  region  where  I  could  find  no  wells  which  had 
Mshed  bed  rock,  even  when  100  feet  deep.  The  same  statement  holds 
Le  at  Ludington.  On  the  other  hand,  in  cases  like  Owosso  the  well 
ly  pierce  bed  rock  a  little,  though  near  Owosso  plenty  of  water  and 
en  flows  are  found  in  the  drift.  Taken  as  a  whole,  the  analyses 
long  to  a  fairly  well-defined  type  of  water  from  the  drift. 
With  only  two  transitional  analysesi,  those  at  LapeiT  (Nos.  100  and 
7),  we  pass,  with  an  increasing  i)roportion  of  solid  matter,  to  an 
tirely  difterent  type  of  analysis.  The  total  solids  quickly  double  in 
lonnt,  reaching  about  an  ounce  per  cubic  foot.  But  the  lime  and  mag- 
«ia,  or  at  any  rate  the  carbonates,  fall  off,  and  instead  there  are  sul- 
lates  and  salt.  Frequently  there  is  more  chlorine  and  sulphuric  acid 
BD  can  be  satisfied  by  their  usual  bases,  sodium  and  calcium,  and  we 
ive  sodic  sulphate,  potassic  chloride,  and  other  salts. 
All  the  places  from  which  analyses  of  this  type  come  are  well  within 
e  basin  of  the  Marshall  sandstone,  except  Wales  and  Yassar,  and 
aty  be  supposed  to  derive  their  i)ercentage  of  sulphates  from  the  gyp- 
m  of  the  Michigan  series  and  the  decomposing  sulphide  of  iron  that 
cars  with  the  coal. 

Borne  of  these  analyses — e.  g.,  those  from  Saginaw  (Nos.  108  to  110), 
»m  St.  Charles  (No.  Ill),  from  Bay  City  (No.  112),  and  from  St.  Louis 
o.  113,  compare  No.  78) — show  a  considerable  amount  of  lime  and  no 
»re  mineral  matter  than  often  occurs  in  waters  from  drift  wells  of  this 
rion,  and  may  either  be  from  such  wells  or  from  wells  that  go  a  short 
itance  into  the  rock.  On  the  other  hand,  wells  like  the  Flushing 
ll8|  with  water  containing  so  low  a  percenta«re  of  lime,  yield  waters 
extremely  soft  that  one  can  hardly  believe  them  to  be  derived  from 
)  drift,  when  he  considers  how  much  limestone  and  gypsum  are  dis- 
oinated  through  them.  From  the  evidence  of  the  analyses  alone, 
srefore,  one  could  say  that  the  water  must  come  from  some  of  the 
al-Measure  sandstones  below  the  drift,  like  the  water  of  the  Ban- 
>ft  House,  Saginaw  (the  prominent  hotels  in  Saginaw  have  their  own 
^esian  wells  down  into  the  sandstone),  tests  of  which  indicate  water 
this  character  with  NaiS04.  The  Saginaw  analyses  are  interme- 
fcte  in  character,  as  would  be  natural  in  waters  from  wells  just  from 
B  base  of  the  drift,  but  the  generally  sulphated  type  is  confirmed  by 
d  analyses  of  Heim  Brothers.  The  water  of  analysis  No.  108  is 
EK>rted  by  Kedzie  as  <^  colorless,  odorless,  nearly  tasteless,  and  good 
r  domestic  use.''  The  water  of  No.  109  is  only  <<  fair,  having  too  much 
tphates."    Both  blacken  very  slightly  on  ignition.    The  water  of  Na 
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no  is  "clear,  bright,  biBtelesB,  and  odorless;  woald  be  excelleiitl 

for  the  large  aiuoaot  of  suiphates."   The  Brand  &  Hardin  well  (ana 
I  JTo.  108)  gave  Ueim  Brothers  0.879  soiida  (GI,5  graiD»  i»cr  };iUIodi,i 

the  Washington  avenue  well  (analysis  No.  lOD)  1.043  solids  (T.l  gi 

per  gallon).  Our  inference  that  the  waters  of  the  Flushing  aBSlj 
, 'come  from  well.sin  the  Oon)  Measures  is  confirmed  by  thefaotthattb     ^^ 

are  many  such  rock-drillwl  wells  there.    The  well  of  W.  Wartzel  (a 
,  ysis  Ko.  119)  was  said  to  have  been  bored  in  1806  to  a  depth  of  onlj 
'  feet.    The  water  flows  naturally,  witli  several  feet  head;  tempt 
I  about  -150;   specific  weight  iu  1899,  l.OOT.     Analyzed  March  5,  II 
I  Tlie  last  three  analyses  show  more  mineral  matt<^r  than  the  water (b 

any  drift  well  known.  The  Yassar  and  Caro  wells  would  nataiHUft 
'  Uie  gypsiferous  Michigan  series,  and  the  Wiiles  well  the  Berca  gl 

Hd  confirmation  of  this  supposition  the  Vassar  and  Caro  analysrn  I 
'  strong  in  suliihates,  while  the  Wales  analysis  is  strong  in  salt  and  t 
I  earthy  chlorides  and  low  in  sulphates — a  thoroughly  ebarart«ril 
'  Berea  grit  analysis.  Accordingly,  analyses  Nos.  82  to  lOi  are  B 
I  probably  of  water  from  wells  in  the  drift;  analyses  Nos.  1(18  to  131 

vater  from  the  Carboniferous  above  the  Marshall,  while  No.  1^*2, 
;  Wales,  is  of  water  irom  the  Berea,  and  may  be  compared  with  au^ft 

at  Binningham  (No.  285)  and  Utica  {No.  225),  towns  which  are  sitnilai 

sitnated. 

SANITARY    ANALYSES   BY    PROF.  V.  C.  VAUGHAN. 

In  the  large  and  interesting  list  of  sanitary  analyses  which  ban' 
been  furnished  by  I'inf.  V.  {'.  Ytui'^h-An  some  iirr  imt  ct 
frequently  the  total  solids  arc  not  given.  It  wei'ijicd  iLniiriirtiuivble. 
therefore,  to  arrange  them  in  the  usual  way,  and  hence  they  have  been 
givBTi  a  special  tabulation  of  their  own.  The  gaps  in  his  nnmlimni 
(given  in  jiarentheseis)  are  in  general  due  to  the  umissiun  of  iin^ilyses 
from  other  States  or  from  the  northern  peninsula  of  Michigim. 

There  is  a  general  parallelism  between  this  series  of  analyses  and 
those  of  Professor  Kedzie,and  many  cross  references  have  iiucn  insiTted. 
It  will  bo  found  that  many  of  the  analyses  showing  especi;illy  small 
amounts  of  solids  belong  iu  one  of  three  classes.  (I)  Like  the  I'ctoskey 
(analyses  Nos.  lltO  to  li'12),  they  are  probably  surface  waters,  ur  from 
lakes;  or  |2)  there  is  good  independent  evidence  tliattht-y  are  stiicilj" 
Hurlicial,  largely  from  raiu-water  wells:  or  (3)  they  come  from  tlie  sinnis 
of  the  modified  drift  or  glacial  drainage,  like  that  at  Lowell  (;Lii;ilyw- 
Nos.  123and  12i).  It  is  noteworthy  that  inm.'ulation  i.-*  nt^arly  as  likclj' 
to  iirnduce  bud  I'esults  in  these  a.'^  in  more  highly  ndneralizi-d  water*. 
In  other  words,  exceptionally  low  mineralization  often  means  diluiion 
with  rain  water,  and  that  implies  exposure  to  surface  contaminiilioii. 
As  in  the  Ivedzie  analyses,  the  vast  bulk  of  these  samples  contain  fnnn 
one-fifth  to  one-halfof  an  ounce  of  solid  matter  per  cubic  font.  Theau;il- 
yses  are  rather  widely  distributed,  though  of  course  the  more  pojinlated 
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rt  €ft  £he  Lower  PenioBiila  has  the  greater  number.  Most  of  these 
lijIyBeB  are  doubtless  of  water  from  wells  in  the  drift  (i.  e.,  Pleistocene), 
Imgh  some,  e.  g.,  Eastlake  and  Manistee  (analyses  Nos.  146  and 
^  may  be  of  water  from  the  lakes,  and  others,  like  some  of  the 
MiDg  analyses,  may  be  of  waters  fit>m  rock  wells  and  belong  to  the 
pwi^g  section. 

is  a  somewhat  larger  number  of  transition  analyses  than  in 
of  the  Kedzie  analyses,  having  from  0.500  to  0.650  parts  per 

Cand  (ounces  per  cubic  foqt)  of  solids.  Some  of  these  evidently 
g  to  the  previous  group,  however,  and  merely  have  more  organic 
ftter  than  usual.  (See  analyses  Nos.  205  to  211.)  Other  analyses 
i  of  waters  from  wells  which  in  all  probability  draw  their  supplies 
m  bed  rock,  e.  g.,  the  Saginaw  well  (analysis  No.  214),  with  its  com- 
Mitively  soft  water,  is  probably  of  the  sodic-sulphate  type.  It  is 
l^ih  noting  that  all  such  wells,  except  Ko.  201)  at  Kalamazoo,  are 
the  area  covered  by  rocks  above  the  Marshall,  and  should  proba- 
included  among  the  analyses  of  the  next  section.  The  remaining 
with  the  exception  of  one  or  two  (No.  217 — water  presumably 
inated  with  the  waste  bittern  of  salt  manufacture — and  No.  218), 
most  probably  of  waters  from  rock,  and  usually  there  is  corrobora- 
evidenoe  which  renders  it  possible  to  fix  also,  the  stratum  from 
the  water  oomes. 

The  Holt  well  (analysis  "So.  221)  probably  draws  water  from  the 
Piiid  Bapids  limestone  or  from  a  horizon  near. 
Bie  Holland  (analysis  No.  219),  low  in  sulphates  and  strong  in  chlo- 
leSy  is  an  analysis  characteristic  of  water  from  the  MarshalL  A 
■ilar  analysis  of  water  within  the  coal  basin  would  suggest  strong 
ptamination.  The  Wyandotte  water  (analysis  No.  220)  woald  seem 
be  from  the  Dundee  limestones.  The  Adrian  waters  (analyses  No. 
S|  etc.)  are  peculiar.  It  may  be  that  they  are  contaminated  with  sul- 
ittte  of  iron  from  the  sulphides  in  the  Ohio  black  shale. 
The  two  Imlay  Oity  wells  (analyses  Nos.  223  and  224)  almost  certainly 
aw  water  from  the  Ooldwater  shales  or  the  lower  Marshall.  Under 
itay  City  water  from  the  Berea  would  be  much  Salter,  as  the  Wales 
d  other  analyses  show,  and  that  from  the  Napoleon  sandstone  would 
Dtain  less  salt. 

rhe  Utica  well  (analysis  No.  225)  is  shown  to  be  in  the  Berea,  by  the 
BO  line  of  argument  which  applies  to  the  Wales  well  (analysis  No« 
2),  which  is  similarly  situated  and  connects  the  Utica  well  with  the 
imingham  wells.  The  latter  are  certainly  in  the  Berea. 
No.  2Si&>  water  from  Alpena,  is  classed  solely  on  the  basis  of  its 
lalysis,  which  resembles  the  tests  of  waters  from  the  rock  wells  of 
Ipena  in  the  Traverse  or  jdeeper  limestones. 

The  analyses  of  waters  from  around  Bay  Oily  are  very  puzzling, 
ring  to  the  leakage  from  deep  salt  wells,  and  Prescott^s  paper  tends 
warn  against  rashness  in  diagnoses. 
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lu  the  analyBee  reported  by  Vaaghan  ibe  iiamher,  according  Ui 
Tauglian'B  list,  follows  in  parentheses  after  the  serial  sumber  (the  iiun- 
bers  omitted  representing  analyses  ontside  oor  ]iiirv'iew).  ^ext  foUo«» 
the  identification — the  name  of  thi;  i>lai.'e,  the  dat«  of  the  aualyeis,  acd. 
wbeu  stateil,  tbe  orisin  of  tbe  water.  Tbe  water  is  understood  to  be 
colorless,  odorless,  and  neutral,  if  notbtuf;  to  tbe  contrary  is  Elated. 
Tbe  hardnesa  is  given  on  the  usual  (Clark's)  scale — i.  e.,  Ibe  number  of 
grains  of  OaCO^  |>er  gallon  which  would  be  required  to  make  a  wntcf 
equally  hard.  The  totiil  residne  (obtained  by  evaporation  at  IIO^C.) 
uid  total  inorganic  re«idqe  are  »elf-explanatory.  As  remarked,  tbe 
Bpecilic  gravity  of  the  water  is  neglected,  which  makei^  a  perceptible 
error  only  in  the  analyses  from  No.  217  on.  The  quantities  are  in  parti 
per  thousand.  Tbe  row  of  figures  after  "organic"  (i.  e.,  loss  on  igni 
tioD)  obviouBly  represents  the  differences  between  the  two  reeidueK, 
The  chlorine  is  computed  aa  salt  (NaCl),  Tbe  next  row  of  figures 
above  gives  tbe  parts  of  potassium  permanganate  redacetl  by  orgauie 
matter,  and,  lu  tbe  rows  above,  the  tree  and  albamiuoid  aiomonia.  and 
lie  nitrates  (NjOj)  and  nitrit««  (NiOi)  in  jHirts  per  thousand.  The  sol- 
pfaates  when  given  are  computed  a»  SOj.  It  will  be  noticed  that  tbe 
aoimonia  la  quite  prominent  even  in  the  waters  from  such  wells  as  the 
Uouiit  Pleasant  of  the  previous  section,  which  is  deep  and  tree  from 
possible  Borface  contamination  (analyses  Nob.  79  and  80).  The  first  two 
rows  of  figures  give  tbe  biological  examination,  viz,  the  result  of  uuwa 
lation  of  cultures  on  the  health  of  animals  (no  effect  on  the  health  being 
indicated  by  a  — )  and  the  number  of  bacteria  per  cnbic  centimeter 
after  standing  ~-  hours. 

Profes.sor  \';iiij;liini  givu.s  tin-  foJIowidfr  c^iilauiitiiry  nuti-s: 

■WTiiio  no  iili.'olnte  utaTidanl  for  tbe  clii'miciil  purit.v  of  ilrinkiug  w;ili.'i  l  in 
given,  tlin  I'oUuwing  cohcIiibIohb  may  be  rejjarded  »a  H]>]iroxiuiatoly  i;(irre{'t; 

(1)  Tbu  total  lesidue  sboiitd  not  f-Kt'eed  .^Kl  ports  ptT  million. 

(2)  Tbe  iiiorKHuid  rsaiilue  inuy  cuusiitute  tbe  total  residnu. 

(3)  Thn  smiiller  tliti  iiuioiitit  of  .irjranit'  reaidne  tlie  better  tlie  wiUer. 

(■J)  Thoiiinimiitof  I'Brtlij  b^iaes  sbmild  ant  excued  200  parts  per  luillioo. 

(S)  Tlif  .1111(11101  iif  i^iidiiiiii  ^blnridu  sbiiiild  not  excecil  10  jiBrtK  pec  milli.Mi. 

(B)  Tiieuuioiinti>(  i-  :  i  n.n  pxi-^td  !l<0  piirt*  per  milliuii. 

(7)  Tbe  iiri;ftnic  m.if  ■  ■  ■       ■  i-iirte  <•{  the  water  Bboiilil  not   r.-dm*  ii 

than  y  parts  iif  i>iit;in-  i.h    !■■  r  mimii.'  i  ii.l[i-. 

(«)  The  aiimiiiit  i.r  fn-.'  iiimu.iiiiii  Hlioiibl  Hot  exceed  O.a'J  partR  per  uiillion, 
|!l)  TbL'  iinimint  iif  albiiuiinoiil  uuminuiu  Nhniild  not  i'xui'ihI  0.15  purta  per  mill 

(10)  The  jiiumiit  uf  jiUrir  arid  gboTibl  nut  escwA  d.S  parts  per  million. 

(11)  Tbe  ln-^l  ivatera  contain  no  nitrons  acid,  and  aiij'  water  wbirii  curitnLnp  i 
qnautity  Bulticii-nt  to  be  i^Htiniated  should  not  be  regarded  >ls  u  safe  drinliin^  •'■■ 

Tbe  word  triice  ("  Ir.'')  wheuover  iisud  indicates  the  oiiHtonce  of  tbe  Kub~iau> 
quantity  sullicicnt  ttj  be  rt'oogui/ed  by  the  test,  bnt  too  Hraall  1o  be  detenu 
qtjanlitativBlj-. 

Explanation  of  mioroscopiral  examination,  I,  r.,  dsHoriptiou  of  depo.'tit,  if 
magnified  100  diamoterB  and  lIOO  diauietiTB ; 

Six  ounces  uf  water  are  pbifi'd  in  a.  coiiieal  glass,  and  the  deposit,  if  any,  is  e: 
bled  after  I'ruui  13  to  21  honra,     'riw  preseaci'  o('  any  apprei^iable  depoait,  eaiiet 
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if  it  1m  of  aaiBMl  or  ▼QfoMble  nfttuMy  woald  detraoi  from,  the  tnitability  of  the 


The  bMtsiiQlogloal  ezamiiuitUm  aondtts  in  counting  the  nomber  of  germs  derel- 
pad  on  A  gelatine  plate  inocnlated  with  one  drop  of  water : 

(1)  After  24  honzsy  (2)  after  48  honra,  (3)  after  72  hours.   Then  follow  remarks  on 
ha  kinds  of  germs  obseryed. 
iiMMiilAtlon  experiments  are  eondnoted  as  follows : 

animals  inoonlated  with  germs  are  white  rats,  guinea  pigs,  or  rabbiti;  the 
of  inoonlation,  into  abdominal  oayity.    The  kind,  amount,  and  age  of  ool- 
naed  is  noted,  the  effect  on  the  animal's  health,  and  eventually  its  post-mortem 
One  drop  of  the  water  is  added  to  1  dram  of  some  culture  medinm, 
as  beef  tea,  and  this,  after  it  has  been  kept  at  the  temi>erature  of  the  body  for 
|l  koua  or  longer,  is  used  for  inoenlating  the  animals. 
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yo.U8  (180).  Lowell,  T.  6  y.,K.O  W,   July  17,  1803.    Microecope  shows  molds.    The  haHne— 

i^llpMd  to  this  and  the  following  analyttsia  not  oonaistent  with  the  low  amount  of  total  solids. 

Vo.  124  (102).    Lowell,  T.  6  N.,  R.  0  W.    July  7, 1883.    Mierosoope  shows  a  few  vegetable  flben. 

Ve.  125  (160).  Pontiao.  December  16, 1802.  Microecope  showa  indeterminate  grannies.  This  la  so 
softer  than  any  of  the  other  Pontiao  analyses  (Noe.  120, 188,  139, 160, 175, 190-192,  211,  and  218) 
ss  la  in  the  previoiis  analysis,  raio-water  contamination  is  indicated. 

Sa  196  (168).  Band  Beach.  December  6, 1802.  Vtom  a  well  which  most  be  shallow,  as  deeper  wells 
MSB  pass  Into  the  Coldwater  serlea  and  are  aaline.    Microecope  shows  Indeterminate  grannlea. 

Vow  127  (860).  Lanaing.  September  6, 1807.  From  the  waterworks,  which  draw  their  supply  ohiefly 
fttm  weUs  In  grsTel  beneath  clay ;  bnt  deep  rock  wells  have  also  been  bored.  Very  small  amoont  of 
■gasin  iiiitfnr 

Vob  128  (267).  Port  Hnron.  March  0, 1805.  Microscope  shows  wood  fiber,  alge,  nniceUnlar  plants 
■id  — **"»*^*  vegetable  d4brls,  inorganie  depoaite.    Color,  milky ;  odor,  mosty ;  reaction,  alkaline. 

Vo.  120  (820).  Pontjac.  Jnly  10, 1806.  From  a  well  which  is  almost  certainly  a  shallow  one  In  the 
Kloreaoope  shows  a  small  amoont  of  vegetable  and  inorganic  d6bria. 
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}Io.  130  (200).  raUHkej'.    Fcbrou7  I,  1801.    MlcnMooiie  obovt 

detriins,  miction  ilkklina. 

So.  131  (300).  reluaks;.    FsbniBr;  0, 18M.    MlonHDaps  ibowtd 
■DdpUntdatrittm.  reaction  alkaline. 

Vo.  139  (2071.  PatoaXflj.    FebnUTf  9,  UM.    Ulonaovpa  nhove 
deOitna,  motion  slkalfne. 

Ko.  11S(0&).  PoDtlao.    Aagnit  S[.  IBOO.    Town  irater  anpplyL  aligJitlf  tarliid.     Hictucofa  |Ui 
dianiflt^ra}  aliDiml  or^anJa  matorloL  yallow,  red,  and  blaiik,  anlmalouljt;   (ADO  dlauetata) 
aptwloaof  itiatdDU,  gnca  algm.  blat-  al^,  omcabED,  vlolat  aporea,  yellow  reticuUtetl  orgaulon 
AbeiB,  Stttamaatraceu^. 

Ko.  U*  <Z4S).  Grand  Itapidi.    Dwember  !0,  IBO*.    SUgbtly  mlllEy,  alkalloe.     UXpmtcapt  ikonl 
Inorj^nl"  ninttir,  veBBiahlp  di^brLH,  a  few  iiniMilliilBr  plant*. 


imlgLiiK 


!  137(3(15).  I  138(70).  I  130  (97|. 
I      Engl      1     Ea.1t. 
!    Ta»'ik>.        li.ko. 


j,!°.j'^/"" 

1    ■■■'" 

a  0  amt-' 

Frrii  nmuionU 

.      .11000053 

1 

ChlorinoaaNaCl.. 

.0090 

Organic  wsiilne.... 

.|     .»»' 

Inorg«ni.T«,id„e.. 

.1     .060 

l'ol;il  rnHidiio 

.150 

'»llBbtlr. 
0.00035       ( 
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llokll7(MB).    XMlTiiinM.  ICnrdhT,  18M.  Alkaline.  HSoroieopeiliowsliiorgMiiomAMerMMlTCge- 


■a.  m  (79).    EMtlAke.   ICay  18,  18M.    Tvom  m  well.    HienMoope  (100  diameterri)  showe  ■Ught 

■BMi  of  ikesh'water  algie ;  (500  diameten)  a  Hbw  threadlike  Vibrios. 

KOb  119  (97).    Ftontiao.    Angnst  21,  IBM.    Town  waler  anpitly.    Microeoope  (100  diameters)  ahowa 

ikvw  ovgaalo  material,  flbers;  (600  dlaaeCers)  many  short,  rod-shaped  germs,  several  apeeiea  of 

■IsBMi,  llhera,  Palmellaoee,  Entomoataraoe». 

Voul40(138).    Hastings.  febmarySilioa.  From  a  well  and  smells  musty.   Microeoope  shows  vege- 

dbto  flbers,  BMlds,  Parameoia. 

S«u  141  (178).   KorthTiUe.    September  80^  1888.    From  a  well.    Miorosoope  shows  some  TSgetaUe 


3KoulJI(n9).    Petookey.  September 90, 1884.   Alkali^   Miorosoope  showsalge,infii8orla,  bacteria, 

Imt  da4tHus,  inorganic  matter. 

Vik.  149  (ISt).   Ithaca.   Febmary  8, 1808.   Miorosoope  shows  dost  and  dirt,  cloudy  in  color,  with  a 


Besalt  of  inoonlation . 

Hiunber  of  bacteria 
iB791ioiira 


VltrlteB 


144  (883).  1 146  (948). 

Battle    1    Grand 

Creek.      Bapida. 


14.020 
Tr. 


AlbvBteold  ammoola  0. 00009Q8 


aa  VaCl — 


Oiiaiilo  residQe . . . 
Xaorganic  residue. 


Total  residue. 


flolphates. 


.0189 


.088 
.187 


.190 
7.80 


1.800 


Tr. 


0.000190 


UO 


8.0 


148  (884). 
Bastlake. 


Tr. 
0.00006 

00014 


11 


091 
Ul 


908 

o 


147  (188). 
Holland. 


148  (841). 

Traverse 

City. 


840 

Tr. 
Tr. 

0.000188 


.016875 


.090 
.120 


.810 
9.0 
Tr. 


149  (258). 

Port 
Huron. 


+ 


Liquefied.  Liquefac- 
I     uon. 

i      Tr. 


Tr. 


0.0000848:  0.000189 


,b088 


.008        J    .07 
.123        I    .150 


150(06). 
Pontiac. 


48 

.0108 

Vwy 
sUghttr. 

0^000809 


.210 
18. 2o 


.220 
2.1° 
Tr. 


11 


194 
008 
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Vol  144  088).    Battle  CJreek.    August  10, 1887.   Miorosoope  shows  small  amount  of  orgaDio  d^bria. 

Vo.146  (946).  Orand  Bapids.  December  20,  1894.  Colorless  and  odorless;  alkaline.  Mioroaoope 
hvwa  email  deposit  of  no  significance.    This  is  one  of  a  long  series.    (See  index.) 

Va.  148  (884).    Eastlake.    August  1 1, 1867.    Miorosoope  shows  a  small  amount  of  amorphous  matter. 

Vol  147  (188).  Holland.  March  2,1892.  fhmi  a  deep  well.  (Tloudy.  Microscope  (100  diameters) 
i  faidetenninate  granules ;  (500  diametsn)  vegetable  detritus.  This  is  probably  from  the  ManhaQ 
as  rock  Is  no£  fitr  from  snrflMe  at  Holland,  but  the  expression  '*deep"  may  mean  only 
tlMclay. 

Va.  148  (341).  Traverse  (Tity.  November  4, 1898,  at  the  same  time  aa  No.  163.  Microeoope  ahowa 
wtrj  small  amount  of  vegetable  d6bria.    (See  index  for  other  analyses.) 

So.  149  (266).  Port  Huron.  March  20, 1886.  Milky,  musty,  alkaline.  Microeoope  shows  algn, 
wood  fiibor,  Inorganic  deposits,  much  vegetable  d6brla,  unicellular  plants  and  animals. 

Vo.  160  (88).  Pontiac.  August  2,  1880.  Town  water  aupply.  Microeoope  (100  diameters)  shows 
fallow  orgsnic  material,  colorless  fibers;  (600diametf*rs)  many  short,  rod«shai>ed  germa,  several  speolsi 
ti  dlaOwns.  yellow  alg»,  orange  alg»,  OymbeUa  ehrenbergii,  flbera,  Entomoatraoea. 

IBB  31 4 
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0.«)071 
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Tr. 

a.oooin 
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^^ 

Tr. 

ftooooi 

Tf. 

e.moa 

Ti. 

.wwis 

.OOIXM 
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Tr. 
Tr. 

O.00O0* 

Tr, 

aooMii 

Tr. 

o.MMxns 

.owoos 

UhlMlneulisCl.--- 

'Orsuilc  noldne 

iaargUiicrtmidM...- 
1   ToUlrwldBB 
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.OOTIS 

.0*11)    1 
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.060 
.180 

.1*0 

.Ota 

.100 

.180 
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l«.lt° 

.230 
Tr. 

Tr. 

Tr. 

.150 

Tr. 

-BO 


'"'"'"" 

Ku.lM(lllT).  BinUke.  IfoveinlHiTSl.lSSS.  Fnin  Uwn  inpplyplpat.  Cloai- after  Blterfagi  piHiil 
4or  (tn  jitAndlDic.  Mlomacope  itiows v«|ffr table  d^Urla.  {CornpATV  with  VIo-  138l  Uio  d»|hncknl 
ilmnujliraf  this  vBhrla  pUln.) 

Ko.  IB2  (170)  Cara.    Julyl'.  ISU.    Uicr<>«oopB  nfaawii  leReUhla  d<>bri>.    Cloadj.  alkaliiit. 

No.  lSa(270).  UulgtAB.  Juna  3S,  18BS.  Prolmbly  trdiu  Uko.  Slight  mUkineu.  ■IksliMi.  Km 
iGop«  ibowii  Tf)i>l>tile  debria  and  Inorgaiilo  mattor,  algie.  iafuHatia.    Agrees  iinite  cIbhIj  vHta  !uk 


No.  IM  (341).    Onmd  Rapids.    Kovember  i.  IBM.    Alkalloe.    Utfrwoa[H^  abnwi 
llabmiB,  bacteria,  iofnaorla,  Ts^tnblo  ilabrlH.  lourEUitc  mnlter. 
Ho.  IH  (ITOJ.    EslunuDO.    Ootsber  II.  isas.    Odor  atalsi  tlk^lne.    MloniMUpe  i 
d^brfn.  «(f  b  vsgoiahle  and  Rnfuat  niicrdOTgantema. 

N".  15«(^d7|.    r.niii.l  JlnpiilB.     S,.nlciul"T    1.   1S91.     .llknliin-.     MJor.!^,.,.]!.-  »b...v- 

No    ir,7(Wr.|.    Ilrn.iil   Ii;i].jils.     S.lil.'lnl..Tl.  It04,     .\!l[«!iTi|.,     .Mii  r..,.-.,,.,.  «l,..n-.  i, 
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Vol  in  (til).  Ami  AifMr.  July  18,  UDO.  ProbftUy  from  wells.  HferoMope  ■hows  Inorganio 
wptmh,    {See  Indez  for  othar  analjses.) 

y€wUS(370).  Lam&ng.  Septomber  SO,  UN.  City  water  supply.  Probably  principally  from  weOs  to 
he  bMa  of  the  drift.  Kedxie  glTee  .271  total  eolids,  of  which  .157  is  organic,  .0008  free,  and  4NXI1 
IhmBliioid  ammonia,  with  a  hardness  of  18^.  There  is  probably  an  error  in  the  liardness  gjtwwm, 
palaaceiit.    Miorosoope  shows  small  amoiml  of  organic  matter. 

Ifow  U3  (175).  Ann  Arbor.  Deoembar  1, 1808.  From  well.  Slight  milkiness,  alkaline.  Microaeope 
bttwa  Tcgetable  debris,  inorganic  mattv.    (Compare  Ko.  38.) 

Kou  181  (106).  8t.  Johns.  January  17, 1807.  Microscope  shows  crystals  of  KaCH,  bacilli,  Drapamal- 
Ia,  Gonferra,  Paramecia,  diatoms. 

V€wl85(107).    IferrilL    Jime22,1808.    Klorotoope  shows  a  few  vegetable  fibers.    The  low  degree  of 
of  the  water  from  this  well  for  the  degree  of  mineralisation  is  noteworthy  and  pointa  to 
of  sodio  sniphato. 


186(203). 

Dowa- 

giac. 

Bapida. 

188  (288). 

Grand 

Bapids. 

188  (106). 
St.  Johns. 

100  (129). 
Pontiac. 

191  (272). 
Pontiac. 

192(860). 
Pontiae. 

• 

yvmber  of  bacteria 
In  72  hours 

Siferites 

45 

700 

150 

Tr. 

Tr. 

0.000062 

.00001 

.00001 

.00718 

8,464 
Very  t  tr. 

80 

Tr. 
Tr. 
0.0001 
.00018 

.008 
.011 

+ 

Lique* 
faction. 

88 

Sitrataa 

Tr. 
0.0001 
.000018 

Albominoid  aomionia 

F^ee  ammonia 

Farmanganate  re- 
4aQiidT.. 

0.00001 
.000021 

0.000122 
.000084 

.11584 
.01815 

0.000036 
.000024 

0.000018 
.000088 

.004 

•flson 

OUadbw  aa  VaOl . . . . 

Oiipmie  leaidiie. .  • — • 
laorganle  xesldne. . . . 

Totsl  residue 

*  Bardneas 

.ooin 

.0186. 

•OifTi 

.180 
.880 

.070 
.880 

•080 
.880 

.188 
.848 

.180 
.880 

.060 

.880 

•uo 

•MO 

.850 
18.0 
Tr. 

.800 

11.0 

.880 
8.0 

.874 
20.10 
.1455 

.880 
15.50 

.880 
0.50 

.880 
8.70 

flnlphates 

Ho.  186  (203).  Dowagiae.  November  10, 1806.  Alkaline.  Microscope  shows  deposit  of  inorgaaie 
BSttor.    This  difTers  from  No.  168  mainty  in  organic  matter. 

Mo.  187  (247).  Grand  Bapids.  December  80, 1804.  Microscope  shows  inorganic  matter,  a  few  mil- 
Miliilar  plants.    Alkaline.    (See  index.) 

Mo.  188.  Grand  Bapids.  September  4, 1804.  Microscope  shows  algae,  infusoria,  vegetable  fibera, 
mi,  Inorganic  matter.    Alkaline.    (See  tndes.) 

Mo.  180  (106).  St.  Johna.  November  7,  1801.  Microscope  shows  crystals,  colorless  amoiplioaa 
■■tOer,  diatoms,  desmids,  germs,  navicnlai  NaCl  crystals,  fibers. 

Mo.  100  (120).  Pontiao.  January  16, 180S.  From  a  well,  slightly  turbid.  Microscope  showa  fi«ah- 
iratar  alge.    This  and  the  following  analyses  have  a  relatively  large  amount  of  organic  matter. 

Mo.  101  (272).  Pontiac  July  1, 1886.  Slightly  milky,  strongly  alkaline.  Microscope  shows  uni. 
«*'*»i*«^  plants  and  animals,  inorganic  matter. 

Mo.  188  (880).    Pontiao.   May  28, 1807.   Miorosoope  shows  small  amount  of  amorphous  matter. 
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M(lI93<27().    SbtTwovd.    JalylS.iaU.   Od  JiiDeZO.lMS,  Aleit  (IMI  ^r*  no  InoeaUtloaab^iarf 
bul  it*  \>nc  terU  in  12  bcura.    TMii  vuter  hm  n  nixlue  aiaoDnt  of  orKunk  muth-r. 

No.    lai  l»>d).    Potmke;.    Fnbnur?  B.  VtU.    SliRhC  yellowish  broxn  i^olnr:  nwoUao  aaaliM 
MlnroKiipi'  nliavi  ainiill  daiHiiiii  of  Inori^uiic  matI«ruDd  plaol  detiitnii. 

tin.  105  laU).    Dnlon  Cltj.    Heptambei  a.  18H.    Opalewant,    lUunaDapu  abovs  •mull  anout  rf 
jrgmiiD  dbbrix. 

Mo.l»(UT).    Hailanil  vaterworlu,  (.  e.,  poiidbly  fran  driven  wbUi.    Uamh  S,  imr    MtenMaft 
(100  dilmetern)  4bDW>t  IndelnniinaU  granulrtt  <M>  dlametml  vegeUble  flIwrB,  melda. 

3,  I8M.    TeiloiTi«li,  rnoHt.v,  ulkiUiw.    Ml.ToeB.jHi  oliow*  «inall  Imr 


iledepoait.    W«akcs 

a.iesmi).    BattlH  Cre«k,  city  pump. 


le  ehii<re 
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Vo.9M(S48).  Uidon  Citj.  Jmuamey  SS,  1807.  From  well.  lOoroMOpe  shows  UBill  Amoant  of 
Cpulc  Bwtler.    (Oompare  Not.  180  and  186.) 

JTo.  aoi  (185).  Howell.  June  28, 1898.  From  propoeed  water  eapply.  Mioroscope  showe  a  few 
nestable  flbere,  diatoms,  etc    Agrees  .well  with  Kedzie's  analysiB. 

Ko.  203(343).  Mancelona.  yoverober  14,1888.  From  a  well.  Water  simiUr  to  the  lake  water 
■■■Ijsis  Xo.  48).  Inorganic,  but  with  less  organic  matter.  Light  yellow,  opaleaoent;  odor  marked. 
Ilierosoope  shows  considerable  amount  of  regetahle  matter. 

Ko.  203  (283).  •  Adrian.  Jnue  3, 1806.  Yellowish,  mnsty,  alkaline ;  diatoms,  a  few  anioellolar  organ- 
BBS,  inorganic  matter.  There  is  some  error  in  the  amount  of  Hulphates  in  these  Adrian  snslyses 
Ho*.  203, 20i,  219) ;  charged  with  decomposing  snlphldes. 

Ko.  204(288).  Adrian.  September 23, 1896.  Dirty,  yellow,  stale,  alkaline.  Microscope  shows  large 
iBMNiiikof  inorganic  matter,  unicellular  plants  and  animals. 

Ko.  TXVi  (267).  Grand  Bapids.  June  19, 1896.  Alkaline.  Microscope  shows  small  deposit  of  inor* 
pmlo  matter. 

Ko.  308  (213).  Saginaw.  May  26, 1894.  Alkaline.  Microscope  shows  small  deposit.  (Compare  No. 
IBt  rather  stronger  than  Saginaw  River  and  yet  mnoh  less  mineralised  than  Nos.  106-110  and  814.) 


207  (166). 

208(85). 

809  (177). 

210  (275). 

211  (103). 

212  (87).      213  (80). 

^ 

Okemos. 

Gladwin. 

Kalama- 
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Sher- 
wood. 
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(well). 
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_^ 
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Liquefied 

Liflnefifid 
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Liquefied 

0.00003 
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0.00004 
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316 
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0.00055       0.000271 
TTaa w  tr 

Faint  tr. 

Nitrates.. .# 

Tr. 

0.0000198 

Albnminoid  ammonia  0.00038 

0.000102 
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0.000368 

0.000U6 

0.000044 

N^reo  ammonia ...... . 

.000156 
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Oi^mio  residue 

.270 

.8U. 

.080 
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.125 

.168 

Inorganic  residue. . . . 
Total  residue 

.270 

.834 

.58 

.220 
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.473 
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.540 

.646 

.560 

.570 

.590 

.508 

.848 

Hard^e^is ,,, 

14.5° 
.00582 

18. 6o 
.008426 

11.  o 

12.0 

7. 5°          17.  o 

7.20 
.0388 

ftnlnfiAtAci 

.03497 

No.  207  (166).     Okemos.     November  18,  1802.     From  welL     Microscope  shows  pigment  granules 
regetaUe  d6bris,  woody  fiber. 

No.  208  (85).  Gladwin.  June  10, 1890.  From  well  with  much  organic  matter.  Microscope  shows 
ihree  varieties  of  cryHtals,  yellow  and  green  amorphous  matter,  a  few  germs.     (See  No8.  212,  218.) 

No.  200  (177).  Kalamazoo.  October  21,  1893.  Alkaline.  Microscope  shows  vegetable  debris. 
;8aa  index.) 

No.  210  (275).     Sherwood.     July  15, 1806. 

No.  211  (103).  Pontiac.  November  15,  1890.  Microscope  shows  organic  d6bri8,  brownish  yellow 
imorphous  matter,  algse;  colorless,  odorless  amorphous  matter  and  yellow  amorphous  matter;  spheri- 
sal  germs,  Oscillatoriffi,  Drapamaldia,  crystals  of  NaCl.  The  large  amount  of  organic  matter  points 
so  a  snrfisoe  water. 

No.  218  (87).  Gladwin.  July  28, 1880.  Microscope  (100  diameters)  shows  vegetable  fiber,  yellow 
Hnorplions  matter,  crystals;  (500  diameters)  red  amorphous  material,  yellow  amorphous  material, 
naoy  bacilli,  crystals,  probably  NaCL 

No.  213  (80).  Gladwin.  May  17,  1890.  Turbid.  Microscope  (100  diameters)  shows  vegetable 
Ibor  and  reddish  amorphous  matter;  (500  diameters)  4  species  of  bacteria,  a  few  diatoms,  ooloiriess 
systals.    (See  No.  208.) 
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110.1114(118).  SaglliBw.  Angnatll.iaN.  Praia  •Kwn  mU.  Kate  tbe  relMiTelj  law  budDM  al 
(KnDp»ni  wlUi  Tfa»  llflj  prvhitbly  a  nwk  wralL    Alludlue.    Mlorodrupa  abora  rogotahle  dAlirU.  tlgm, 

No.Jll»n»).  Puiuk.  NDTsmbrrn.  1990.  Tbanmonntof  aulpbites  miiM  boapproprisleforinct 
«bU.  MliTiwoi'iio  (100  dUniiiliini)  bIiow*  Bb«n,  yellow  aniuniboaa  mBtlsr,  white  anuHphoiu  nutMr, 
iUgib,  AulniAloolit ;  (&00  dlunrterv)  Jtbcti.  yetlov  AinorphDuii  m^tlAr.  white  Amorphoaa  mvttBr,  bl» 
■|»n«,  abort  UilcklMOllU.lwruufwIiLDaDlllBtorlie. 

Mo,lll>(lTD).    ItafUlty.    UuohT,  1893.    Gru< 


No.  an  (IDS).  ItajCItT,  Kovrnnherat 
pbona  tDkttDT.  «>lorl«a>  iuiior]ihaiu  niatl 
doady,  lUgblly  ntuty.    Tho  organlii  ma 

Vb.  sis  (200).    Pontlafl.    Ootober  U. 


StO.    Mfotoacopc  (IOOdUmel«n|8howcfiben.yaIlowi 
,  genua  I  (MO  dlWDetem)  tipe.  diatoms,  bacitll.    SUfbity 
ir  and  aulpbatei  lUftgnt  oontamlnatioD  by  aall  waitM 
6.     From  wb!1.      AlkaUno;   aliKbtly  mlllii-,    MJcrcH«ie 


No.:i»(S10l.    II«I 

ami.    May  15,  1890. 

Milky,  nlkalme.     a 

^ro»rope  sh„v»  largo  amount 

dui.)    Thian-ilLia 

prubal.lv  1.1  tbp  Mar. 

Mo,220  (W).    Wj. 

(JuLor.dirty.     Mkrowjopo  (]i 

ters)  abawa  cryaliila 

tolB.l^lg"^    Yellow  a 

ulphiir. 

Ko,  221  (SOB).    Hoi 

February  »,  IBM, 

Micro  wops  aboKB 

op..«it  of  Inorganic  matter,  a 

plant  detritna  In  ama 

1  amount.    (Compa 

«LauBiug  aaalyaeii.l 

Thia  ia  probably  a  rock  «*1]. 

1 
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Ka  SI  (M9«  AiUoL  Jone  t»  UN.  Tflvy  j«Uow,  ftml,  >Ilr«ltm».  M loroMope  ■bows  anaQ  Inor* 
miedipoirtl.    (See KtM. sot, 904.) 

V€wltt<89.  ImlajGHj.  Jnly28|UB0L  MIcNMope  (100  diameters)  shows  r»d  amorphooa  nuitaclal, 
ijrtrii;  (500  diamoten)  enbio  crystals,  JtMttiary  alg». 

Ho.  S9A  (M).  Imlay  City.  June  84,  IBBOl  Mioroaoope  (100  diameters)  shows  considerable  sedlmant, 
allow  amorphona  matter;  (SOO  diametan)  eolorlaaa  triaagnlar  prlams.  ▲  few  red  spots  in  the  yeOow 
wgfKoie natter.  Note  the  Lirge  amoast of  aalt  in  these  two  analyses;  almost  certainly  firom  a  rook 
rail,  periiApa  706  feet  deep.    (See  QealL  Barwtfj  Hloh.,  VoL  Y,  Pt  n,  PL  XXII.) 

Katt5(8fi7).  ntlca.  lCay8,1807.  VkMoweO.  SUghtly  opalescent  Microscope  shows  very  small 
BOtphona  dspoali.    (Compare  with  Birmingham  analyses.) 

MISOiiLIiAIVBOUS  ANALYSES. 


Cenatttnenl 


OaOQt 
GaCU- 

Oa80« 


VaCX)k 
LM>.. 


MfOOb 
KgCV.. 

HQi... 


VaCl 


HiCOt 


a 

PsO,.... 

teganio 


Total  soUds. 


oo». 


Owoaso. 


{ 


Tr. 

o.ieo 

9.805 


{ 


i.968 
.051 
Tr. 


{ 


7.1»8 
.181 


}U.      .887 


{ 

{ 
{ 


.684 

.010 
(0).«flO 

.016 
(6).SS9 

.014 


{ 


1 1.608 
.878 


Owoaao. 


(A) 

}bL    0.440 


}• 


hi   I  .878 


}    W.wi 

}     M.OBO 

}•- 


828. 
Lealie. 


bL     0.626 


.121 


829. 
Chester- 
field. 


230. 
Sanford. 


0.14 
.13 
.16 
.01 


bL       .039 


hi.      .180 


bL      .077 


} 


1.067 


bL      .000 


.011 


.87 


6.40 


0.16 
.93 
.76 


L85 


16.16 


L079 
18.6ou.in. 


6.29 


19.26 


281. 
Hadaon. 


0.00048 
rCaO 
t      .00747 


00888 


Tr. 
MgO 


W) 


*     • 


.oisn 


fN%0 

\      .08784 
.08077 
.084 
.00078 


.4061 


•  Ineloded  with  SiQi.  b  Including  AltOg.  c  Including  the  corresponding  potash  salt. 

Vo.  886.  Owosso,  city  supply  wells.  Dearborn  Drug  and  Chemical  Works,  analyst,  for  E.  F.  Dudley. 
nUa  aBalysia  cheolu  quite  elosely  with  Ko.  100  by  Kedsie;  No.  227  is  somewhat  stronger,  more  like 
ki  Xaton  Bapida  watera,  and  Tory  like  the  Lealie  magnetic,  No.'228,  and  is,  therefore,  probably  tnm 
b  vidllB  the  Coal  ICeasnrea. 
Vtt.  887.  Owoaso,  chalybeate.  GKven  hj  A.  C.  Peale,  Bull.  tJ.  S.  Oeol.  Survey  No.  32,  p.  148. 
Vtt.  888.  Leslie  magnetic  weUs.  QiTsn  hj  Peale,  op.  oit,  B.  C.  Kedsie,  analyst.  There  an  a 
nmber  of  flowing  wells  in  the  Coal  Heaanxea,  both  at  Owosso  and  Leslie,  firom  which  the  two  aaalj- 
laa  Joat  mentioned  probably  come. 

JTo.  888.  Section  line  between  sections  8  and  11,  Cheaterfleld  Township  (T.  8  N.,  B.  14  B.).    Vkom 
•part  of  DongUa  Hooghton,  State  gedkiflati  1686,  p.  89,  and  Winchell,  1861,  p.  186.    Sp.  gr.  1.0007. 
the  Salntazls  (No.  810),  Walea  (No,  118),  Utloa  (No.  826),  and  Birmingham  (No.  286)  analjsaa, 
oftheBareagrit.) 

VouMI.  SiiiiMd.   Seo.85, T.  15  N.,  B.  1 W.    This  vwy  old  analysis  is  probably  of  walsr  firam  the 
Mil  van,  and  the  aflsomit  of  earthy  cMorldae  aeema  Ukalj  to  be  ecfonaona.   Bp.  gr.  1.0UL 
I M  2101.888.) 

raaiir.*'   Aaaljiadftrllr.  OaofgaObapBanbyA.B.PreaeottlBUIL 
iaa4ailda«iaoaiitBtoOJB464|  thlaese«aofirtkatolilaoUdaaaglfi«,wUflk 
a*  880»  r,  to  aalaly  MoooBlid  te  by  the  ftio  00b  <OJI785  VHte  p« 


«• 


•1    ->  — - 


IP         f   ">— Z<   "^    ~ 


-I  il  — 


~>   -1  "i^;  — «   -» 
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Analyses  Nos.  232  to  240  were  all  prepiire<l  by  U.  C.  and  F.  B.  Ived* 
zie,  except  Nos.  236  and  237,  the  averages  of  ])artial  analyses  by  a  class 
often  of  their  students,  and  No.  23ii,  which  was  made  by  A.  15.  Prescott. 
IJo.  232  was  given  incorrectly  in  (leologic^al  Survey  Michij^an,  Vol.  V, 
Part  II,  1895,  i)age  32.  The  sample  is  from  a  well  near  thr  Ilayport 
Hotel, and  the  analysis  is  given  inai'curately  on  its  cirruiars.  The  well 
goes  down  15  feet  into  a  bed  said  to  be  sandstone,  wliioh  must  be  one 
of  the  sandstones  assoi'iated  with  the  BayjHnt  limestone  (»f  the  upi>er 
Grand  Rapids  series,  since  theoutcrops  on  the  blutVnear  1  »y  are  Iimestf)ne. 
No.  23:^  is  of  water  from  the  Bayport  station,  S«*i)tember  11),  1891. 
Analyst,  A.  H.  I'rescott,  for  W.  L.  Webber.  Ueat'tion  faintly  alkaline. 
The  residue  of  half  a  liter  was  tested  for  Iv,  Li,  and  Hr.  Saline  solids 
determined  directly'  were  0.5000  per  thousan<l. 

These  two  analyses  resemble  each  other  in  the  small  amount  of  mag- 
nesia.   The  Hayport  limestones  are  usually  quire  low  in  magnesia. 

N^o.234  is  of  water  from  the  Agricultural  Collejre  well,  October  0. 1891. 
J^ished  by  Professor  T.  S.  Kedzie. 

No. 235  is  an  analysis  of  water  from  the  same  well,  cited  in  an  article 
on  boiler  water  purification  by  Prof.  K.  C.  Carpenter  (Transactions  Am. 
8oc.  Mech.  Engineers,  Vol.  XI,  p.  939),  in  which  the  well  is  said  to  be 
260  feet  deep.    As  a  matter  of  fact,  Professor  Weil  assures  me  that 
^^t  one  well,  470  feet  deep,  has  bet^n  used.    Another  well,  just  sunk 
(1899)  to  325  feet,  found  flowing  water  at  a  less  depth.    Professor  Car- 
Pinter  probably  refers  to  depth  of  chief  stream.     L.  J.  Lincoln's  record 
^f  the  well  and  a  full  history  of  it  are  left  to  a  later  iiaper.    It  ])robably 
^W8  water  both  from  the  Marshall  and  beds  above. 

IJo.  236  is  of  the  same  water  drawn  from  the  hydrant,  and  is  the 
Average  of  analyses  by  ten  students. 

No.  237  is  of  water  taken  from  the  purifier,  and  sliows  the  effect  of 
Oration  and  heating  nearly  to  boiling  in  precijiitating  the  lime  and 
reducing  the  hardness. 

iN'os.  235  and  236  agree  well  in  total  solids,  and  the  variation  in  No. 
234  is  probably  due  partly  to  different  conditions  of  pumping  and 
partly  to  ditt'erent  points  of  sampling.  Analyses  172A  and  172B  in 
iihe  Api)endix  show  that  such  variations  make  a])preciable  difl'erences. 
No.  238  is  of  the  Lansing  city  supjdy,  which  is  obtained  from  wells 
>f  various  depths,  40  to  150  and  more  feet  deei).  It  is  one  of  a  series  of 
inalyses  made  every  year  by  Professor  R.  ( '.  Ke<lzie.  The  analyses  are 
ill  similar,  though  the  total  solids  may  be  as  low  as  W)  grains  per  gallon. 
This  analysis  was  made  July  3, 1893,  and  indicates  very  «roo(l  water.  It 
8  hard,  however,  and  was  so  heavily  bicarbonated  that  toward  the  end 
>f  the  system  dead  ends  of  the  pipes  became  highly  charged  with  iron. 
No.  239  is  of  water  from  an  artesian  (i.  e.,  flowing)  well  in  Lansing, 
vrhich  is  not  specified.  There  are  a  number  of  wells,  generally  about 
200  feet  deep,  which  have  flowed.    (See  records  in  a  later  paper.) 

No.  240  is  of  water  from  the  deep  well  of  the  condensed-milk  factory 
sit  Lansing,  the  record  of  which  is  known,  so  that  it  is  certain  that  none  of 
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Govtitiuiki. 

260. 
MidUDd. 

0.8824 

• 

montli 

(W4-lbol 

irell). 

268. 

Bat  City 

(Glllmore 

605-foot 

weU). 

268. 
Eut 

SaginAw 

(675-foot 

well). 

25«. 
East 

Sacfnaw 

(OlTYoot 

well). 

265. 
East 

Saginaw 

(On-foot 

well). 

OtaOOb 

A|CL 

8.472 
4.884 

5.802 
8.001 

5.87 
2.25(f) 

CMQi 

.5882 

.820 

.006 

1WH+A1/>| 

VcOA.       

ITffCn 

4.888 

4.115 

4.41 
ExToneons. 

12.41 

VrBr 

xci 

Tr. 
.19 
7.378 

MQl 

^«^  ■**■'*'***"*"" 

IfaCl 

125.316 

152.674 

139.0 

194.4 

190.88 

•        Total  solids. . . . 

9.0778 

188.004 

166.052 

158.2 

210.91 

Analyses  Nos.  243  to  247  are  of  waters  from  a  gronp  of  wells  in  Eaton 
apids.  A  record  of  the  strata  met  in  one  is  on  file  and  will  be  given 
a  later  paper,  but  the  chemical  yariation  in  the  waters  indicates  that 
lere  most  have  been  some  difTerences  in  casing  or  depth  at  the  time 
le  analyses  were  made.  These  are  taken  from  Peale  (op.  cit^,  page 
O). 

Kow  24S  is  of  water  from  the  Frost  well;  S.  P.  Dnffldd,  analyst 
So.  244  is  of  water  from  the  Mosher  spring  (i.  e.,  flowing  wellf); 
.  G.  Kedzie,  analyst. 

Kow  245  is  of  water  from  the  Sterling  spring  or  flowing  well ;  O.  T. 
lekson,  analyst. 

Ko.  246  is  of  water  from  the  Shaw  spring  or  flowing  well ;  B.  G.  Eedzie, 
lalyst. 

Ifo.  247  is  of  water  from  the  Bodine  spring  or  flowing  well;  R.  O. 
edzie,  analyst. 

The  large  amouuts  of  carbonate  of  lime  and  iron  are  characteristic  of 
le  waters  of  these  wells.  Nos.  227  and  228,  waters  from  Owosso  and 
Bslie,  will  be  recognized  as  belonging  to  the  same  gronp,  although 
gective  evidence  of  the  tgyct  is  weak.  The  Lansing  and  Midland 
iklyses  (Nos.  241,  242, 248,  and  249)  all  have  the  same  character.  The 
■esence  of  potash  is  less  uniformly  noted,  bnfc  this  may  be  due  to 
rfbetive  analyses.  The  fire  clays  of  the  Goal  Measures  are,  however, 
ny  low  in  potash,  so  that  one  could  not  expect  to  find  this  element 
■evalent  in  the  mineral  waters.  Perhaps  it  has  been  leached  out 
to  the  mineral  waters,  and  the  concentration  previous  to  the  forma- 
m  of  the  Goal  Measures  which  deposited  the  gsrpsum  of  the  Orand 
lipids  series  may  have  left  the  potash  more  than  usually  abundant 
torwards. 

So.  248  is  an  analysis  of  the  Midland  magnetic  water,  cited  by 
Mde  (op.  dt),  and  is  probably  from  the  same  well,  possibly  difllBrenfly 
ised,  as  f£e  water  of  the  following  analysis,  bat  moat  Ukely  la  macd^ 
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a  different  version  of  Ibe  Kume  nualysis,  ah  only  the  KiSO,  differs  mate- 
rially in  tliP  two  imalysefl. 

Ko.  210  is  an  aiialj'Hia  by  Dr.  S.  P.  I>utlirld  uf  water  trurii  the  Midlaod 
Mineral  springs.  Welt  said  to  be  400  feet  doeii  and  probably  i^am-d  iXW 
jbet  deep,  i.  e.,  to  bed  rock.  Tfaeae  abuuld  bu  cumpired  with  othei 
analyses  of  irells  of  varions  depthx  at  Midland.  The  diHcussionof  tk 
lock  records  and  varying  Aiiliuityof  the  watero  at  Midland  must  Ik 
lett  to  a  later  paper. 

No.  250  ia  of  the  oyerflow  water  of  the  casing  of  tbe  Midland  Chemical 
Company'^  well  No.  y,  January  211,  189.5.  Analyst,  J.  E.  (iraves.  The 
stream  of  water  which  has  Ibrved  itself  np  outside  the  casing  and,  over 
flowing,  yielded  the  sample  analyzed,  is  supposed  to  come  mainly  fKa 
between  300  and  000  feet  in  depth,  i.  e.,  from  the  upper  Coal  Measnresat 
about  the  level  from  which  samples  Nos.  248  and  24!)  were  taken.  Tbe 
temperature  as  given,  550  p.^  agrees  with  this.  On  November  2, 1.S97, 
qualitative  tests  of  this  water  showed  a  si^ecifie  gravity  of  1.030.  Tests 
I  of  water  flowing  from  abandoned  salt  wells  gave — from  Foster's  Block— 
f  Ipecilic  gravity  1.012;  and  from  1 J  miles  west  of  town  1.014,  all  over- 
flowing with  a  strong  curri>nt,  and  strong  in  salt  and  salpliat«£. 
^  Presumably,  therefore,  No.  250  is  very  largely  but  variably  from  lowei 
j  levels  than  Nos.  248  and  249. 

I  No,  251  ia  of  water  fW>m  a  Portsmouth  (part  of  Bay  City)  6(i4-foot 
veil,  with  a  549  aalinometer  brine.  Analyst,  C.  A.  Goessmanii.  This 
and  the  following  analysis  aie  commercial  analyses  taken  from  Geo 
logical  Survey  Michigan,  Vol.111,  Ft.  I,  page  182,  They  serve  to  shoir 
that  tlic  k'ndeiiey  In  ii  hifrli  iificeiilap^e  nf  f;iil|iliati'.s  niminui's  to  lie 
characteristic  of  tiio  waters  abovB  the  .'MarsUall,  even  in  tlie  deeper 
brines  which  liave  been  used  for  salt  manufacture. 

This  fact,  so  far  as  I  know,  wus  lirst  remarked  by  Garrigoes.  I'mm 
wboac  report  the  iiTialyse.s  are  cited,  ami  is  ('ntirely  natural  in  view  "f 
the  prevalence  of  gypsum  in  thedraud  Bapid^  si'ries,  and  of  ]i,\nriin 
the  coal. 

No.  353  is  of  water  from  tln^  liilJmorc  well,  .105  feet  (iee]>,  at  Hay  fity. 
Analyst  and  authority,  same  iis  lor  No.  J.'il.     Streiigtli.  '15'  salinoiiieli-r. 

Nos.  253  to  2.55  are  cited  froin  A.  Wiueliells  report  of  tlie  ^lati' 
gefdogist,  1801,  and  are  of  water  from  tlie  tii-Nt  -salt  well  sunk  liylk 
East  t^aginaw  Salt  Conj))auy. 

No.  253  is  of  the  water  when  tin-  well  w;is  57.->  iVet  dei-ji.  ^[M-m 
gravity,  1.110;  fi4'5  saliniiiiieler.  Analyst,  Ur.  riiilUm.  1,155  j;r.iui- 
of  .solids  and  1,014.57  grains  of  Na(.'l  in  a  wine  jiint.     (Op.  cit.,  ji.  ITO, 

No.  254  is  of  the  water  when  thu  well  was  617  feet  deep.  Specilii' 
gravity,  1.172 grains;  SG" salinometer.  Analyst,  Dv.  I.  G,  Webb,  l.llii 
grains  of  NaCI  and  32  grains  of  oilier  chlorides  in  a  wine  pint. 

No.  255  is  of  the  same  water  its  No.  254,  and  by  the  same  analyst, 

It  is  hardly  worth  while  to  reproduce  all  JJr,  Uoughtou's  analyse.-'  of 
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ine  spring  waters  iu  his  report  of  1838,  because  of  their  early  date.  In 
OTon  Oonnty  the  bonndary  of  the  salphated  waters  above  the  Mar- 
lall  is  very  sharp,  the  change  from  waters  giving  a  strong  reaction 
T  Holphates  to  those  giving  no  reaction  coming  within  a  mile.  In  the 
mthem  part  of  the  coal  basin  gypsnm  deposits  are  not  struck  in  the 
ells  and  the  waters  are  less  snlphated,  being  chalybeate  carbonated 
aters  low  in  magnesia,  not  unlike  those  from  the  drift. 

WATERS  PROM  THE  MARSHALL  FORMATION. 


Constitaeiit. 


A].0b. 
GttCOa 

CinCl,. 
GaSO« 


HcCOb 

HgCl.. 


MgSO« 


SIQi 


KaCOi 


Qnaaio 


Total  MlidB 


Hardness 

TneuamoiDit 

Albaminoid  ammonia 


2M. 

Badaxe 
No.1. 


{ 


16. 4S 
.235 
7.000 
.100 


f    98.  • 

\      .: 


98.45 
886 

00.9 

.ooooou 

.000078 


257. 

Badaxe 
No.  2. 


0.0 


258. 

Gras- 
mere. 


.171 


a.0025 


259. 

Oak 
Grove. 


\i\.  14.055 
.241 


\A.  9.9141 
.038 


{ 


IS.  70S 
.234 
AWOft.585 
.01 


} 

\    .oa 


14.90 
.204 
6.900 
.090 

90.650 
.295 
5.«o 
Slight  tr. 
.000048 


Tr. 

bL  19. 145 

.208 

1.96S 

.021 


hi.  6. 8945 
.100 


{ 


{ 


9.97S 
.051 

Tr. 

98.S6S 
1.685 


•{ 


{ 


10.  o 


148.075 
2. 500 


260. 

BayiMrt. 

828-foot 

well. 


261. 

Old  Bay- 
port  welL 


95,6405 
.440 


}• 


}■ 


.8419 
(a).  144 
55.9749 
.925 
11. 7949 
bi.  .201 


96.6999 
.454 


90,98U 


11,5690 
.196 


110,4764 
L892 


,8598 
(a).  015 
159. 7109 
2.879 


198,6419 
8.400 


SiUcicacid. 


It  is  not  at  all  certain  that  water  above  the  Marshall  is  not  admitted 
o  many  of  the  wells  represented  in  these  analyses.    Eyen  where  the 
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upper  vater  is  sapposed  U>  be  cased  ofi'  there  may  be  leaks  in  the 
casing.  As  a.  whole,  however,  the  aualysea  show  very  well  the  chaiw- 
teristics  of  the  forniation.  One  feature  which  deserves  specuil  attoi- 
tion  is  the  treshness  of  theae  waters — i.e.,  hiw  amount  of  mineral  matter 
lor  a  given  depth — compared  with  those  of  other  horizons. 

yo.  25G  is  of  t!ie  Badaxe  water  supply,  which  comes  from  artesiaD 
wells,  whose  record  is  knowu,  over  200  feet  deep  in  the  Marshall, 
tial  analysis  by  F.  S.  Re<Uie  in  I8!>7.  This  and  the  following  analysis 
were  made  because  of  complaint  regarding  the  excessive  growth  of  al^, 
TbiH  sample  was  taken  at  the  pump,  while  stimple  No.  257  was  taten 
from  the  dead  end  of  a  pipe.  In  this  respect  they  correspond  to  172 
and  ITiiB,  In  both  cases,  the  sample  taken  farthest  from  the  pomp  con- 
tains the  greater  amount  of  matter,  both  organic  and  inorganic.  Sng- 
gested  remedies  are  Irequent — finshing  and  covering  the  staodpipeso 
SB  to  exclude  light.  F.  9.  Kedzie  also  suggested  that  the  reaction  of 
CaSO,  with  organic  matter  might  produce  HjS  and  add  to  the  disagrw- 
able  cLaract«rof  the  water,  but  it  is  doubtful  if  CaSOt  exists  appre- 
ciably in  the  Badaxe  water.     Qaah'tative  tests  failed  to  reveal  it. 

No.  258,  (Srasmere,  is  of  water  "from  a  coarse-grained  gray  sand 
lock  reached  at  40  feet  and  exteuding  138  feet,  rising  to  8  feet  above 
the  surface. "*  Analyst,  A.  B.  Prescott,  for  W.  L.  Webber.  QualitatiTe 
testa  showed  Ca,  Mg,  Na,  Al,  SO^  CO,,  Fe  not  more  than  a  trace. 

No.  259  is  of  water  from  the  Oak  Grove  mineral  well  at  Flint.,  265  feet 
deep,  flowing  about  9  gallons  per  rainote.  Analyst,  J.  E.  Clark.  Origi- 
sal  statement  in  grains  per  Uiuted  States  gallon.  There  are  only  39  feet 
of  casing,  and  water  comes  in  above  tLe  Marsliall,  as  tlie  amoiiut  of 
CaSOj  shows. 

No.  2(iO  is  of  water  from  a  well  3-8  feet  deep  near  the  Bayport  Uonst. 
Bayjiort.  A.  B,  Prescott,  analyst  for  \V,  Ij.  Webber.  The  water  said 
to  be  found  in  a  coarse  gray  sand  rock  (upper  Marshall)  at  the  bottom 
(below  250  feet),  but  the  analysis  indicates  that  the  upper  waters  are 
not  attogetiier  excluded.  This  in  the  flowing  well  junt  north  of.  bnt 
quite  a  little  below,  the  hotel.  The  temperature  of  47^  F,  is  said  to  1)* 
the  same  throughout  the  year.  Specific  gravity,  1,0017.  Reaction 
faintly  alkaline.  Analysis,  as  given  in  table,  as  combined  from  <.'aO 
0.193.^,  MgO  «.041'1,  NaO  0.5583,  FeO  0.0027,  SO3  0.2.5 
00a  0.1264,  aiOj  0.0111,  total  1.8.U0.  A  similar  well  lies  close  to  the 
bay  and  Just  west  of  the  railroad  track. 

No.  201  is  of  water  from  the  Old  Bayport  well.  This  was  ,1  t 
for  salt,  1,900  or  more  feet  deep;  when  plnggecl  at  750  feet  the  wji 
was  still  salt,  but  when  plugged  at  TiijO  feet  it  was  a  potable  water,  pee 
Bumably  the  one  analyzed.  Analyst,  A.  B.  Prescott,  for  W.  L,  Webl>er. 
Reaction  faintly  alkaline.  Specific  granty,  1.0029.  The  constituenis 
are  combined  from  CaO  0.2078,  MgO  O.OS.1,1,  NaO  1.2900,  SO,  O.2110, 
CI  1.5850,  CO2  0.2358,  HiOj  0.0113,  total  3.7144. 
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ITo.  209  is  of  water  from  Battorworth's  mafnefeic  spring,  Grand 
Bapids.  B.  P.  Doffleld^  analyst.  Mr.  Powers  says  that  this  wdl  draws 
aiainly  from  the  npper  18  fbet  of  the  Marshall  sandstone— i.  e.,  261-274 
Ibefc  of  the  record  given  by  Winchell — and  that  the  water  contains  more 
CaOlt  than  the  water  of  his  well — the  Arcade — which  draws  from  the 
lower  18  feet  of  the  Marshall-^L  e.,  295  to  300  feet  from  the  snrfiEioe. 
This  would  apply  better  if  we  took  No.  262  to  be  the  analysis  of  the 
Arcade  well  water,  low  in  OaOIs,  and  No.  263  to  be  the  analysis  of  water 
ftom  the  top  of  the  Marshall,  from  which,  indeed,  it  is  derived.  The 
(xmstitaents  other  than  the  NaOl  and  the  GaOU  are  remarkably  similar. 

STo.  263  is  of  wat^  fh>m  the  original  test  well,  Scribner's,  at  Grand 
Bttpids,  October  14, 1859.  Analyst,  Prof.  L.  B.  Fisk.  Specific  gravity, 
U01752.  Biennial  report  of  State  geologist,  1861,  pages  146, 167, 186, 
and  Geological  Snrvey  Michigan,  Vol.  Ill,  Part  I,  page  180.  The  water 
at  248  feet  depth  is  reported  as  fresh,  but  there  are  saline  streaks  at  82 
ftefe  and  at  140  feet,  so  that  probably  most  of  the  salt,  etc.,  comes  from 
tliat  section. 

ITos.  264  to  266  are  of  waters  from  wells  within  a  few  miles  of  each 
cChar,  analyzed  by  the  same  chemist,  and,  as  the  record  of  one  and  the 
date  concerning  the  others  show,  drawing  chiefly  on  the  Marshall 
Miidatone  at  179  to  250  ftot  depth. 

H<i.  964  is  ftom  Peal0|  Bulletin  XT.  S.  Geological  Snrv^  No.  32,  page 
148. 

Vo.  265  is  from  Peale,  loo.  oit  I  also  have  an  independent  version  of 
liie  analysis,  giving  0.1808  bicarbonate  of  lime ;  trade  name,  ^<  Attapah ; " 
■pedflc  gravity,  1.0064.     Temperature,  52^  (Peale),  or  50^  F. 

Kob  266  is  also  taken  from  Peale,  or  from  Geological  Survey  Michigan, 
Vol.  V,  Part  II,  1895,  page  60.    Temperature,  48o. 

I  would  not  lay  too  much  stress  dpon  the  presence  of  Br,  Li,  etc.,  in 
the  foregoing  group  of  analyses,  for  much  depends  on  >Yhether  the 
chemist  looked  for  them.  Yet  the  presence  of  bromine  is  interesting 
in  connection  with  its  undoubted  presence  in  abundance  in  the  Mar- 
shall brines  of  the  center  of  the  basin.  The  absence  of  0aSO4  is  note- 
worthy, also  the  prevalence  of  chlorides  and  bromides  of  calcium  and 
magnesium  over  other  salts. 
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No.  268  is  of  water  firoiD  Swift  &  Lockwood's  well,  860  feet  deep,  at 
teginaw.  Same  analyst  and  date  as  No.  267.  Total  obtained  by 
addition. 

No.  269  is  of  water  from  the  Bast  Saginaw  Salt  Manufacturing  Ooni- 
pany's  well  when  636  feet  deep.  Prof.  S.  H.  Douglass,  analyst.  April 
11,  I860.  Same  reference  as  No.  267,  and  also  biennial  report  of  the 
State  geologist,  1861,  pages  171  and  186.  Total  obtained  by  addition. 
April  16,  specific  gravity,  1.170.  As  No.  269  is  stronger  than.  No.  267, 
which  is  of  a  water  with  deeper  source,  an  admixture  of  the  upper 
waters — that  is,  leaky  casing  when  the  water  for  No.  267  was  drawn — 
IB  suggested,  especially  since  the  weaker  water  is  stronger  in  sulphates. 

Sample  No.  270,  from  Saginaw  River,  specific  gravity  92'^,  was  left 
for  an  analysis,  not  yet  reported,  by  T.  N.  Whitti^r. 

No.  271  is  an  analysis  of  the  same  water  as  Nos.  267  and  269,  the 
well  being  649  feet  deep.  Analyst,  Dr.  Chilton.  May,  1«S60.  Reported 
1^  W.  L.  Webber  in  the  biennial  report  of  the  State  geologist,  1861, 
pages  171  and  186.  It  agrees  quite  well  with  previous  analyses  and 
^reports,  the  bromides  probably  overlooked  by  the  others.  Total  directly 
observed. 

No.  272  is  of  water  irom  the  well  of  the  Oneida  Salt  Company,  Grow 
Maud,  Zilwaakee.  Analyst,  H.  C.  Hahn.  Oeological  Survey  of  Michi- 
gsn,  VoL  III,  Part  I,  page  186.    Total  directly  observed. 

No.  27S  is  of  water  firom  the  Bangor  Salt  Manufacturing  Company's 
well  at  Banks,  Bay  City.  Well  774  feet  deep.  Analyst  and  references 
the  same  as  No.  267. 
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,    No.  271.    Michigan  Bolar  Salt  Oompany,  ZUvraukee.    Ajtalfstaiid 
reforeoces  the  same  am  No,  272. 

No.  275  and  No,  27G  are  daplicate  analyses,  cited  from  the  onpob- 
lished  thesis  "aagiaaw  S»liue«:  si  short  sketch  of  their  history  ami 
aonrce;  of  the  methods  of  obtaining  them;  of  the  processes  u&ed  in 
the  manuCiicture  of  saU  from  them;  together  wilh  analyses  of  r^re. 
sentative  specimens,"  by  John  Ayres,  Ann  Arbor,  Jnne,  1880,  of  which 
an  abstract  from  the  copy  in  the  general  library  of  the  University  o( 
Michigiiu  was  made  for  me  through  the  kindness  of  Professor  Pr«- 
oott.  For  this  analysis  ami  probably  the  others  by  Mr,  Ayres  the 
Bpecific  gravity  was  taken  at  20^^  (X,  the  total  residae  by  drying  it 
110^  to  115'=  0.  In  No.  27.^  the  total  01  in  25  cnbic  centimeters  briM 
iras  4.04;t. 

I,  No,  277  is  of  water  from  the  well  of  the  New  York  Sotar  Salt  Com- 
ipany  at  Zilwaukce.  Analyst  and  reference  ttie  same  as  No.  272. 
I  No.  278  is  of  water  from  the  Red  Gross  well  at  Big  Rapids,  A.L 
lOlark  original  owner.  Depth,  1,400  feet.  Analyst,  A.  B.  Prescolt 
The  pnblishod  atat<'ment  is  in  grains  per  I'nited  States  gallon  atfti* 
P.— i.  e.,  United  States  gallon  =  70,277.19  grains.  The  following  is  Utt 
statement  of  bases  and  acids :  NaO  i>d.05»23,  MgO  8.S5630,  CaO  3.66591, 
FeO  0.03944,  SiO,  0,00073,  CI  156.97050,  Br,  0.96057,  SOj  0.27833,  CO, 
0.02415=289.23289,  which,  less  oxygen  not  in  the  salts  and  pla8  the 
water  of  silicic  acid  35.5ft590,  gives  the  tabnlateil  footing. 

A  sample  from  a  drag-store  gave  specific  gravity  1.150  with  0.75  Br. 
When  I  tested  it,  Decemlwr,  1895,  the  specific  gravity  was  1.202.  Tbe 
water  ia  siiid  to  havfi  been  struck  ;i(  l,31»l  ffot  ami  to  have  hail  at  first 
the  epecilii:  griivity  l.'J2U.  The  mineral  strcusth  is  thus  lasting  verj 
well. 

Nos.  279  and  280  are  duplicate  analyses  of  representative  Bay  City 

brine,  obtained  Ihrongh  S.  S.  Garrigncs.     Analyst  and  referei ih( 

same  as  No.  27.1.     In  2.1  i^nbic  ceuLimeters  brine  was  1.6496  CI. 

BRINES  AT  M1D1.AND. 
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Nos.  281  and  282  are  daplicate  analyses  of  Midland  brine,  Harris 
brothers'  well,  1,300  feet  deep,  flowing  30  gallons  a  minnte.  Analyst 
Qd  reference  the  same  as  No.  275.  In  25  cubic  centimeters  brine  was 
.2340  Br  and  5.0414  01.  See  also  Geological  Survey  Michigan,  Vol. 
^j  Part  II,  page  G9.  The  specific  gravity  and  total  solids  do  not  seem 
ccordant,  since  the  total  solids  would  imply  a  higher  specific  gravity. 
lie  Larkin  &  Patrick  well  at  the  same  depth  is  said  to  have  had 
trength  of  115^  salinometer  (1.239  specific  gravity),  and  the  Dow 
Kfidland  Chemical  Company)  well  has  1.235  specific  gravity. 

Nos.  283  and  284  are  of  bittern  left  after  the  crystallization  of  salt 
rom  the  same  well  as  Nos.  281  and  282.  Same  analyst  and  reference, 
^blished  also  by  Rowland,  Tenth  Census  of  the  United  States,  Vol. 
I,  p.  22.  See  also  Geological  Survey  Michigan,  Vol.  V,  Part  II,  page  36, 
Old  note  corrected  NaCl.  In  25  cubic  centimeters  was  1.32  Br  and 
;.8869  Oi.  "In  the  estimation  of  Br  by  Mr.  Ayers,  this  element  was 
tzi)elled  by  treatment  with  excess  of  chlorine  during  evaporation  to 
liyness,  then  obtaining  the  total  of  silver  chloride  in  ratio  of  the 
reigbt  of  mixed  silver  chloride  and  bromide  from  the  brine" — ^not  a 
rery  accurate  method.  Note  the  large  amount  of  loss  when  total  solids 
ire  independently  and  directly  determined.  This  shows  that  ammo- 
linm  and  potassium  chlorides  and  other  constituents  have  not  been 
letermined.  Potassic  chloride  is  made  from  the  Marshall  brines  by 
he  North  American  Chemical  Company  at  Bay  City.  Mr.  Ayres's 
ihemical  work  was  done  under  Prof.  H.  W.  Cheever  about  three  years 
lefore  the  writing  of  "  Select  methods  of  qualitative  analysis." 

An  analysis  of  the  water  from  the  Alma  Sanitarium  Company's  well 
ras  made  by  Prof.  C.  A.  Davis,  May  5, 1889.  Said  to  be  almost  a  pure 
liarshall  sandstone  water.  The  published  form  was  inaccurate,  and  I 
un  not  able  to  give  corrected  figures.  The  analyses  given  in  a  later 
action  (Nos.  325  to  327)  show  the  lower  water  and  the  two  waters 
nixed. 

In  the  above  group  of  analyses  the  characteristics  of  the  Marshall 
raters  are  well  defined — i.  e.,  the  excess  of  CI  so  as  to  be  far  more  than 
o  satisfy  the  soda;  or,  as  Garrigues  says,  a  '^decrease  in  percentage  of 
;3rp8um,  an  increased  percentage  of  the  earth  chlorides,  and  an  increased 
laantity  of  salt.^ 

Numerous  qualitative  tests  have  convinced  me  that  the  sulphates  are 
>ften  from  higher  beds,  and  for  a  given  depth  the  Marshall  is  less  min- 
eralized than  the  beds  above  or  below.  It  is  not  charged  with  gases  to 
tny  marked  extent. 

As  soon  as  we  leave  the  porous  upper  Marshall  and  get  down  to  the 
)oandary  between  it  and  the  Coldwater — that  is,  the  lower  Marshall — 
he  beds  are  likely  to  become  saline  again.  For  instance,  S.  O.  Hickok, 
>f  Allen,  Hillsdale  County,  Michigan,  has  a  well  221  feet  deep,  which 
^elds  277.04  grains  NaOl  and  33  of  CaS04  per  gallon.    I  have  numer- 
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otu  utber  qualitative  testa  tliiit  mUow  the  saiiiu  tiling,  [tut  on  the  wiiott, 
betwevn  the  Marahiill  and  the  Ueruii  grit  the  8tr»ta  are  dry  and  ito 
wateiD  do  not  merit  a  separate  section. 

l  WATERS  FROM  THE  BEREA  GRIT. 
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■^    The  well  at  Utica,  with  3.226  ouiiceB  per  cnbic  foot  solids,  probably    | 
obtaiiiB  water  from  the  Herea;  the  only  8ample  of  potable  water,  how-    ' 
ever,  of  whose  geological  horizon  we  are  certain,  independent  of  the    ' 
analyses,  is  N'o.  -H5.     Kedzic's  inialjais  of  tlie  W;ih'.'<  water  ronies  nest 
Some  idea  of  tin-  composition  of  tlie  Bereii  brine  at  Ypailaiiti  may  be 
obtained  by  coinparing  the  analyses  of  tbe  Vpsilaiili  wi-lls   N\w. -M 
and  .'Ml.^i,  in  the  first  of  which  the  lii^rher  water  is  ca.sed  ont  and  in  tlie 
secouil  admitted.    We  see  that  the  water  from  tlie  Berea  is  extra  strong 
in  Sat'l  and  is  a  very  imrc  brin«. 

No.  -'8."i  is  of  water  from  tljc  new  well  on  the  farm  of  J.  K.  Coopei. 
Birmingham.  No,  2,  about  1,5(IU  feet  southwest  id'  the  lirst  well,  whicli 
was  atiOLit  20  feet  above  the  swamp,  the  water  risin;;  to  about  Hi  fet-1 
from  the  top;  No.  1  al.-iO  contained  more  dilorides  and  less  carbonates. 

There  is  an  excess  of  C(  h.  probably  in  the  form  of  bicarboiiates,  pits- 
ent  in  the  water,  and  the  organlir  matter  an<l  lu.<s  dot's  not  inchult' 
tlii.s,  but  does  include  the  (JO.  with  tin;  iron.  Analyst  and  iniorwaiil. 
George  1,.  Heath. 

No,  2.S(i  is  of  water  from  the  Ann  Arbor  deep  well,  of  which  tlicre  ;iif 
two  accounts,  Aci'ording  to  IJominger  (Geol.  Survey  Michigan,  Vol. 
n  1, 187(1,  Tart  1,  p.  !t2),  tlie  brine  from  the  sandstone.  3;^:i  feet  down— i.  e.. 
from  the  Berea  grit— liasaspe<-ilic  gravity  of  1.142,  and  IH  ]>f'r  cent  rosi- 
due  by  evaporation,"  almost  imreelLliiriilo  of  sodium."'  Wiiichell,  mhis 
Geology  ol  Wasbteiiaw  County  (('liicago,  l.Shl,  ]i,2ii).  gives  the  strengtii 
as  iH'^salLnometer,  {■»rrespiindingt<i  a  8]>eiilic  gravity  of  l.i:>l  and  17.48 
j>er  cent  suit;  he  also  gives  an  ai\A\ys.\A  oV  \.\ift  scsiduts,  and  putting  the 
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two  together  we  obtain  tbe  flgures  of  the  tabulated  analysis.  Illumi- 
nating gas  also  escapes,  and  is  also  reported  from  a  well  at  Blackmar 
which  reaches  this  horizon. 

No.  28GA  of  the  Appendix  is  a  recent  analysis,  by  J.  E.  Clark,  of 
water  from  the  Ypsilanti  Sanitarium,  and  is  so  i)ure  a  solution  of  sodic 
chloride  that  the  lower  water  must  now  be  almost  entirely  eliminated. 

No.  287  is  of  brine  from  Thompson  Bros.'  5()()-foot  well  at  White  Rock, 
Huron  Comity,  and  is  cited  from  Vols.  Ill  and  V  of  the  Geological 
Survey  Michi«^an,  as  are  also  the  remaining  analyses  of  the  section. 
The  analysis,  however,  is  corrected  and  the  iron  added  from  a  statement 
in  the  report  of  the  Commissioners  to  the  Centennial  Exposition  of  1876 
at  Philadeli)hia.    The  specific  gravity  is  there  given  as  1.155. 

No.  288  is  of  brine  from  Grant  &  Co.'s  908-foot  well.  East  Tawas. 
References  as  for  Xo.  287. 

No.  289  is  of  brine  from  Ayres  &  Co.'s  1,198-foot  well  at  Port  Austin, 
Huron  County.  References  as  for  No.  287,  and  also  Hunt  in  Geolog- 
ical Survey  of  Canada,  186G-1869,  p.  220. 

No.  290  is  of  the  brine  from  Jenks  &  Co.'s  well,  Sand  Beach.  S.  P. 
Duffield,  analyst.  G.  W.  Jenks  reports  that  98.7  per  cent  of  the  solids 
wafl  NaCl. 

No.  291  is  of  brine  from  Smith,  Kelley  &  Dwight's  l,070.foot  well  at 
Oscoda.    Same  references  as  No.  287. 

No.  291A  of  the  Appendix  is  an  analysis  of  the  Berea  brine  where  it 
18  struck,  at  a  dei)th  of  2,200  feet,  at  Bay  City,  near  the  center  of  the 
basin,  and  even  at  this  depth  it  has  no  more  CaCl^  than  the  much  less 
deep-seated  brines  of  Midland  and  Mount  Clemens. 

That  this  Berea  brine  is  a  purer  solution  of  NaCl  than  the  brines 
immediately  above  or  below  is  shown  not  merely  by  comparing  the 
Ypsilanti  analyses  and  the  analyses  in  general,  but  by  such  facts  as 
when  Frank  Crawford's  well  at  Caseville,  which  had  been  drawing  from 
the  Berea  at  1,7G0  feet,  was  deepened  to  2,270  feet  it  became  necessary 
to  clean  the  j)ans  twice  as  often. 

WATERS  FROM  BEDS  BELOW  THE  BEREA  GRIT. 

When  wells  pass  through  the  Berea  and  go  through  the  Devonian 
black  shales  they  usually  encounter  no  water  until  near  the  bottom  of 
the  Devonian.  It  would  be  interesting,  if  possible,  to  sort  out  those 
wells  which  draw  merely  from  the  limestone  of  the  Traverse  (Hamilton), 
those  which  tap  the  upper  Helderberg  or  Corniferous,  a  very  well- 
marked  horizon,  and  those  which  go  deeper  into  the  lower  Helderberg 
and  Salina;  but  this  does  not  seem  practicable  at  present,  for  in  the 
southern  part  of  the  State  the  Traverse  formation  is  less  than  100  feet 
thick,  and  there  has  been  little  attempt,  so  far  as  I  have  record,  to 
isolate  the  various  brines.  I  suspect,  however,  that  such  determination 
might  lead  to  important  economic  results,  as  in  some  of  them  rare  ele- 
ments, like  K,  Br,  and  Sr,  may  be  richly  contained.    At  t\i^  ovsS^xftjs^  ^^ 
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the  lower  Uerouinii  lim(M<itoQe8  are  the  variou»  sniphar  springs  ikii- 
tioned  by  Peale  atitl  wi(i*'ly  distributed  in  Monroe  and  Wayne  ooanliti 
(Eriii,  Sbawnee,  Wyan(lott«).  For  tli«  norlbem  part  of  tlieStatetlH 
Harbor  Bpringa'  analysia  (No.  oS)  inay  show  what  kind  of  water  a 
tiikeii  into  th**  rm'k.  We  bsivw  aiialyiMW  showing  very  IJghtJy  mi 
ized  waters  from  Cliarievois,  Bay  View,  and  Petoskpy  (Nos.  292. 2M, 
'Ji)4),  The  Charlevoix  waterworks  well  has  probably  not  pierced  tlin»^b 
the  (Marcellnst)  dhale  at  the  bottom  of  the  Traverse  sories,  a4Xon)ia; 
to  the  record  of  the  Hlrata.  Od  the  other  hand,  the  Petoekey  vdl 
probably  draws  from  the  Dnodee  Iimefitone«.  This  well  is  loraUtl 
near  the  I'liitrago  and  West  Idichigan  Railway  8tation,  and  the  »ai- 
roiiiidiQRH  are  now  somewhat  changed.  The  view  bIiows  how  thej 
looked  at  the  time  of  well  drilling  (PI.  III). 
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ContUtiMnt. 


CMS,.. 
Xd.... 


Ko.1. 


8.1314 


1.8417 


DUrolt 

(BlTW- 

Vo.  1). 


9.881 


L868. 


.445 


,750 


80t. 
Detroit 
(Riyer- 

tide 
No.  2). 


0.101 
.728 

2.750 
.002 
.004 

L882 


5.820 
.048 


.008 


10.041 
614.77 


808. 
Detroit' 
(KiTor- 

•ide 
No.  3). 


0.280 

2.556 

14.743 

80.702 


.193 


ia549 
.003 


58.460 


.060 


808. 
Ypel- 

lADti 

No.  1. 


0.6322 


3.0802 
SL  tr. 


.9911' 
.0610 
1.1659 


.2330 
14.241 


804. 

Ypel- 

lanti 

No.  2. 


0.86181 

2.46765 

3.01121 

Tr. 


2.19596 

.188 

1.774 


.6058 
20.97644 


2087 
0240 


a  132. 442 
6.046 


.1445 
.3388 


20.6362     38.6788 
521.0786  532.216 


806. 

YmriUatl 
NO.  8. 


0. 80718 
8.87828 
8.96794 


8.688U 


LM260 


,98764 


36.04436 


.48810 


49.11404 
686.84 


a  Sum  incliidiiig  EfS. 


6  In  onbio  inches  per  gallon. 


]fa.  992  is  of  water  tnm  the  Oharlevoix  waterworkB  well  No.  2. 
"^^laljBto  obtained  ilmmgfa  H.  P.  Pannelee.    Depth,  400  feet 

Ko.  293  is  of  water  ftom  the  Bay  View  welL  Depth,  498^  feet.  Flow, 
^OO  barrels  an  honr.  Water  likely  to  be  roily.  F.  S.  Kedzie,  analyst. 
Angnst  20, 1895.    Well  eompleted  in  July,  1895. 

No.  294  is  of  water  ftom  the  Petoskey  well,  555  feet  deep.  Analyst, 
E.G.  Kedzie.  Thetwowells(analysesNo8.293and294) areclosetogeth^, 
bat,  as  will  be  noticed  on  oomparing  their  records.  No.  294  has  passed 
throngh  and  is  drawing  its  water  beneath  a  bed  of  shale,  probably  the 
base  of  the  Traverse  or  the  Hamilton,  in  which  tho  Bay  View  well 
stopped.  The  Petoskey  is  apparently,  therefore,  a  water  firom  the 
Dundee  (upper  Helderberg),  with  the  characteristic  presence  of  H^S, 
while  the  Bay  View  water  is  in  the  Hamilton. 

No.  295  is  of  water  from  Butler's  well  at  Frankfort.  E.  0.  Eedzie, 
analyst.  See  Geological  Survey  Michigan,  VoL  Y,  Part  II,  page  59,  also 
plate.  The  temiieratnre  of  68^  F.,  compared  with  the  well  record  and 
statement  that  the  main  flow  is  at  1,400  feet,  indicates  that  this  water 
also  is  fh>m  the  top  of  the  Dundee  limestone,  with  which  its  sulphated 
and  sulphureted  character  is  in  entire  accord. 

No.  296,  Wyandotte  white  sulphur  springs,  is  of  a  similar  water  from 
Ute  other  end  of  the  State.  Analyst,  Courtis.  Of.  Peale,  Bulletin  U.  S. 
Geological  Survey  No.  32,  page  150.  (Generally  the  CO3  is  computed  as 
bicarbonate. 

Ho.  297,  Alpena  No.  1  (t),  1,164  feet  deep,  with  chief  flow  at  600+ 
ftefe  (1).    Analyst,  S.  P.  DnifBeld.    Given  by  Peale  as  in  grains  per 
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tinltfd  Stulcs  gallon,  but  really  jwr  ini|KTial  giillun.  Tbe  recorilsrf 
thfl  tlrst  and  wcoiui  \vpl!«  i>ut.  liiiwii  at  Ali>en»  svpin  to  havt-  been 
faeed  soinewbat.  .Sot'  later paiier;  alsoPealp,I)uIk'liii  U.S.  (ieologied 
Survey  No.  'i)i.  pugts  U-'i,  147,  Geological  Survey  of  Michigan,  Vol.  Ill, 
Part  I,  page  ;i9,  and  Vol.  V^,  Part  II,  page  Hi.  The  ten)i)ej-ature  giw» 
by  Peale,  52^  P.,  neai-iy  agreeiug  with  my  own  obBOrvations,  iudii-at<t 
a  water  aliont  uOO  feet  nearer  the  snrfai-e  Uia»  at  Frankfort  (90i)  feetl, 
and  lioniiuger  Bays  it  in  an  >*  upjier  sitlplmr  water,''  contaminated  irilh 
a  little  salt  from  lower  down.  With  this  description  both  Xos.  li9' 
and  298  agree,  and  1  found,  by  qunlitative  test  at  the  well  in  1S$7, 
markedly  snlpbatcd  and  snlphareied  waters,  with  extremely  1it^ 
lofalorine.  The  waters  were  then  flowing  natnrally  and  not  pumi)ed.  and 
'this  udght  gi\'e  the  upper  water  greater  purity. 

No.  2QS  is  Yaiighan's  partial  sanitary  analysis  of  water  from  Alpeiti 
<fl;pring,  so  called  because  it  is  cnntointiry  to  speak  of  llowing  wellx 
springs.  The  analysis  duabUeR>^  refers  to  one  of  these  wells.  At  anf 
jrate,  in  its  strength  in  sulphates  and  extremely  low  CI,  it  agrees  with 
my  qualitative  tests  of  the  wells.  Browuisli  in  color,  with  anioebu-,  ill* 
toms,  algae,  zoiiglifa,  several  varieties  of  getnis,  and  aiuurphons  matter. 

N'o.299iaof  water  from  Alpena  well  No.  3.  Analyst,  W.  P.  Edward*, 
of  tbe  Michigan  University  School  of  Pharmacy.  Analysis  probabtj 
made  in  1893. 

J.  J.  Ubhoii  &  Co.  report  drilling  wells  6U5  feet  deep  for  tbe  Northern 
Extract  Company — water  strnck  at  4(10  feet — which  tiow  450  gallnnB 
a  minute  and  esit  ont  tlm  rasing  in  ahonl  six  yeais.  TIicsi-  watiTS  are 
merely '■alkaliiif,"wlii-reaH  ruck  sail  \mis  Mriiick  ai  I.L'IHI  IltI  in  the 
Saiiilariiim  well  in  I.-^IKI. 

Wc  jiext  haunhti'ii  a  series  of  ^nialvM-  i.i  u.lI..,-  lu.iii  u.-li,,  l.,„,.,i  ai 
or  near  the  Uiversidii  balli  lumse.  <'iaaii'i-  W  csi  I'oii  .-trcvt  and  .SihiIIj 
Clark.- iivenue,  Hetruit.  Tliere  an- s;.id  I..  I.--  \w>  w.4ls.  nnc  mou- -mIi 
than  the  other.  N,..  ;{HL;issaiil  1<i  he  of  u;Uer  iV.iai  the  iwn  wells  ail \m1: 
thi.s  can  not  refer  U>  Nns.  ,HI((  an.!  ;Hil.  I.nl,  i.nihahly  to  N.i.  ;!ul  mu] 
another  well  put  down  later  ami  still  deepiT.  The  teinperalnn-  .if  :•« 
F.  indicates  no  great  driith  im-  tlic  wells  fn.in  which  saaiph^^  N,.-.  :W 
and  ;it)l  were  taken,  and  they  are  not  strt.ji--.     N...  .■Ini]  is  liU--  Ni..  lmT. 

No.;i(tO.  IMverBidciiia^'ai'lic,  iiiineral  siainsrs.  Sprin- well's  I'.m.  N.^  1, 
is  taken  tVoia  I'eate,  liuiletin  T.  W.  (M-ohi-ical  Survey  Ni..  ::_:.  p^uo- 
14i;-7,  and  is  mnch  like.  No.  L'ni;. 

No.  Ml  is  taken  fr.iai  I'eale,  liiillelia  U.  S.  ( ie.ilo-i.al  Survey  Nn.  .y. 
pages  14(1-7,  and  is  much  like.  No.  '^'Mi. 

No.  .-102,  (Clark's  Riverside  lialli  Ii.mse.  hetroil.  Depth  of  «,!!- 
unknown.  Analyst,  S.  I'.  DnHield.  Noveaiher  .;.  is>:<.  Ciicd  fnira  a 
paaii)ldet,where  the  analysis  is  ^iveu  holh  in  -lains  per  imperia!  -aW-v. 
and  in  parts  per  lit<-i.  the  f.iraier  fii-ares  heia^  Too  times  the  latt.-r.  I 
give  the  latter  li^'iir.'S  aitiliiplicd  by  in. 

No.  30.-J,Ypsilaaii  aiiaeral  spHn-s.  llepih.V.O  ]\;-i.  A[ialy>t.  A.  LI. 
Pre-scott.    Water  drawn   hy  his  a-viM,,iit  Miuch  :;i.  1.NS3.     Tfini.era 
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tiire,  5tS^  F.  (14.5^  C).  Specific  gravity  at  V)'  C,  1.01(^5.  Reaction 
alkaline.  Total  JUS  in  volume  at  58-  F.,  9I.2;i-^  cubic  centimeters.  The 
analysis,  dated  May  5, 1883,  is  ^ven  in  grains  i)er  I'nited  States  gal- 
lon, not  ini]»erial  gallon,  as  the  same  fignres  are  given  by  Te^Ie  (]>.  150), 
and  gnuns  per  liter,  tlie  former  tigures  being  r)S..S7  times  the  latter.  I 
give  the  latter  figures,  but,  taking  the  specitie  gravity  into  account,  the 
figures  should  be  diminished  by  dividing  by  1.0G,S  in  onler  to  reduce 
to  grams  ]>er  kilogram,  or  parts  i>er  thonsand.  As  has  been  noticed  in 
connection  with  the  Big  Kapids  analysis.  Professor  Prescott  aih)\ved 
for  the  specific  gravity  in  stating  tiie  result  in  grains  per  gallon  from 
parts  per  thonsand,  and  has  apparently  done  so  lirre.  Hut  it  is  some- 
times neglect e<l,  and  I  do  not  know  how  Shepherd,  tlie  analyst  of  No. 
304,  worked.  1  have  i)referred, theretbre,  to  leave  the  Ypsilanti  analyses 
as  stated  rather  than  to  introduce  a  small  and  dubi(ms  corre(*tion. 

This  analysis  (  No.  MKi)  is  x>robably  from  the  Cornwall  mineral  well  or 
the  original  well  (see  fig.  1). 


Murgr^/ mmfv;  twyhard  Upper  ash  wiTeF 
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Fitj.  1. -S«-rli<iii  sliowiiif;  tin*  rdntionH  of  thn  drep  wells  at  YjiHilauli  to  i-arli  utlicr.  to  thi*  w«'ll.s  of 

tlu*  i'ity  water  supply,  and  to  tin*  M«'\eriil  \v:it«T  hi  .uiiii:  Hlrat;i. 

The  following  is  l^roscott's  statement  of  constituent  acids  and  bases: 

Total  »oli<Irt  (li'trniiiiuMl  in  grains rjO'«.  ffiiK'^ 

Jf.vilrosiilpburip  acid,  total  in  volunio  at  58.r'  F.  (14.5^  ('.) IM.L'IJC) 

Total  hoImIs  l»y  t-vajioration  20.  .'•^'UO 

CoDHtitueut  hasoH  and  acids:  « J  rams  pt-r  liter. 

1.  Potassa 1)  I'Jfio 

2.  So<la T.Tlin 

:J.  Litbia Ti . 

4.  Magni\sia 0.  si  DO 

5.  Linir 1 .  4Sfi5 

0.  Stnmtia Ir. 

7.  IJaryta Sli^lit  tr. 

8.  Trou  (forronH  oxide) , Slinlit  tr. 

9.  Carbonic  anbydride 0.  'M',:* 

\i\.  Snlidujrlo  anbydride *J.  r,<Co 

11.  II.\dr'>siilpbnrii:  acid «>.  rrJl 

VI.  riilorinc ».  iSK'JH 

1.1.  J'.n.niino 0.or>;JU 

14.   riuoririi-   ^ Sli;;bt  tr. 

1.').  r.nrii*  anbydrido 'I'r. 

16.  I'bospboric  anbydride Sli;:bt  tr. 

17.  Silicii-  anbvdride o.  riL>40 


22.  77:i9 


Deduction  of  bydroHiiipburic  acid  and  of  oxyjj''"  di8plac.<Ml  in  tbo  bronildi*.  cliioridi-s,  and  8nl- 

pbido  in  excens  over  addition  of  Bulpbur  in  tbo  suli»hidi«  and  of  watiT  iu  tlu;  bicarbonat«) ...     2.  i:{77 
Total  Balt»  determined Ji. r.:i02 


Total  bases  and  acids  «icterniintMl 22. 77.»i> 
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ITo.  304,  Vpsilsnti  Miueral  Bath  Company,  Moorman  mineral 
(See  fig.  1.)    AiialyHt, 'lamca  fl.  Shepherd.     Water  drawn  Sept 
5,  18S4.    Temperature  of  water,  14.2"  C.  (57.5'^  F.);  of  air,  3«J« 
(79.30  F.).    Specific  gravity,  1.0280.     Ueaction,  altaliue.    The 
citeil  are  said  to  be  in  grams  iier  liter,  and  are  also  stated  in 
per  imperial  gallon,  the  latter  figures  being  70  times  greater  than 
given  (by  which  I  have  detected  one  or  two  miepriuta  in  the 
as  pal>llshed  ill  the  pamphlet  of  the  company;  in  Peale'a  paper i 
op.  cit.,  it  shoald  retMl  124.42  IktgSO,),  and  aucordiugly,  thongli 
per  liter  are  stsited,  parts  jwr  thousand  may  be  meant,  the  ia>] 
gallon  being  taken  as  10  imuuds.     At  the  time  this  sample  ww 
the  well  was  cased  to  floO  feet,  to  shut  off  all  higher  waters,  and 
oally  this  is  pure  Dundee  limestone  water. 

No.  305,  water  from  same  well  as  No.  304.    Analyst,  De  Forest 
September  13,  lii97.    Temperature  of  water,  16.5°  C.  ( t). 
alkaline.     Specific  gravity,  1,0358.    The  pamphlet  statement  is  in 
per  imperial  gallon.     Before  this  aoatysis  was  made  the  casing 
palled  back  to  185  feet,  so  as  to  admit  the  upper  stronger  water  of 
Berea  grit  which  is  more  predominant  in  No.  286A. 

No.  306,  T.  <J.  Owen's  well  Atlantis,  on  the  hill  near  the 
Bch<K)l  at  Yjisilanti.     {See  fig.  1.)    Analysts,  J.  H.  Shepherd  aodW.P. 
Pett,  1S84.    Peale,  op.  cit..  page  150. 

It  will  be  noticed  that  No.  305  is  the  strongest  water  of  the  four, 
that  the  addirion  of  the  Berea  water  has  increased  mainly  the  NaCS^i 
while  the  sulphates  have  not  increased  in  the  same  propurtioiL    ~ 
reliitiotis  of  the  three  wells  are  shown  in  fi^.  1. 

Till'  I'cinainiiLj."  iiiiiil.\  sfs  are  for  iTTiuiy  reasons  dilliciilt  to  group.  In 
the  (irst  place,  the  siiccilii'  t:ravity  i.ssoyreat  that  parts  per  thouaaml- 
i.  e.,  grama  ]ier  kilofiraui— and  firaniM  jiur  liter  are  by  no  meinis  eqniva- 
lent  esi)res8ioiis.  Vet  eliemists  uee.iistomed  to  analyKing  waters  wboM 
speeific  gravity  is  jirai'tieally  unity,  sjieak  of  grains  per  imperial  gallon, 
when  grains  per  unit  of  70,000  grains  or  10  pounds  is  meant.  Oiber*, 
like  A.  B.  I'rescott,  are  careful  to  apply  the  volume  correction.  Tlien, 
again,  the  specific  gravity  of  a.  brine  varies,  at  different  teniperiitureft.  w 
a  measurable,  though  triliing,  extent  (cf.  analysis  No.  323).  Thus  Ibe 
reduction  of  the  analyses  to  strictly  comparable  units  is  not  easy. 
Again,  one  can  not  be  sure  in  such  analyses  as  are  iwsui'd  in  mlvertis- 
ing  jiamphlets  whether  eare.  has  been  taken  in  ]ini(jf  reading,  nr  even 
whether  they  have  not  been  altered.  A  number  nf  minor  errors  seem 
thus  to  have  crept  into  I'ealc's  list.  Often  the  kind  of  ^allou  is 
not  specified,  and  Peiile's  rule — to  assume  the  I'nited  States  ;.'allou 
unless  iitlicrwise  stilted — is  not  sale.  In  fact,  when  most  figures  t>*r 
dillerciit  constituents  are  multiples  of  7  the  imperial  gallon  is  probablj 
usetl.  Finally,  as  will  be  easily  seen,  the  analyses  vary  cousiderablr- 
aud  imperfections  of  analysis,  thongli  they  may  be  considerable,  are 
unimi)orlaut  beside  the  larger  ones  due  to  variation,  from  time  to  tiiue. 
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qwdi^  of  fhe  water  itMU    A  moet  important  fSMstor  in  this 

is  the  character  and  depth  of  the  casing,  as  is  seen  in  the 

iti  wells  jost  described  (analyses  Nos.  304  and  305).    The  same 

is  seen  in  the  Alma  analyses  (Nos.  327  to  329),  in  all  of  which 

the  withdrawal  of  the  casing  admitted  a  different  water.    We  do 

^Ibow  the  condition  of  the  C^ing  in  many  instances,  and,  moreovery 

sapposed  to  shat  off  an  npper  water  does  not  always  succeed  in 

doing  so.    How  fiEU*  the  great  variations,  for  example  at 

Olemens,  are  due  to  the  casings  remains  to  be  proved.    Then, 

variations  have  been  fonnd  which  seem  to  be  connected  with 

late  of  pumping.   There  are  very  few  waters  on  the  list  below  that 

not  composite — ^made  up  of  waters  from  various  levels,  and,  as  they 

ftom  beds  of  varying  porosity  as  well  as  varying  head,  a  well 

nearly  to  its  capacity  will  draw  more  largely  from  the  more 

beds  than  when  it  is  more  gently  pumped.     In  fact,  a  very 

bed  with  low  head  might,  under  heavy  pumping,  yield  a  large 

ion  of  the  water,  which  would  yield  none  in  the  normal  flow. 

are  some  of  the  considerations  which  we  must  especially  keep 

mind  in  studying  the  analyses  from  No.  232  on.     There  is  still 

ler  consideration  which  is  forced  upon  us  by  the  first  analysis  to 

dMciibed. 

907  is  supposed  to  be  of  water  from  the  well  of  the  Port  Huron 
Bath  Company.  I  am  infbnned  by  Mr.  W.  L.  Jenks,  who  is 
interested  in  the  wen,  that  illuminating  gas  comes  at  400  feet  and 
mineral  water  at  about  800  feet.  Compare,  in  Geological  Survey 
Michigan,  Vol.  Y,  the  wirter  at  772  feet  in  the  Junction  well,  PL  LIV. 
have  included  this  analysis  rather  against  the  wishes  of  Prof.  A.  B. 
itt,  the  analyist,  for  he  does  not  consider  it  a  natural  water.  The 
,ljmirint  which  has  evidently  been  tampered  with  is  the  bromine,  which 
so  out  of  harmony  with  the  proportions  of  other  constituents  that  the 
)pancy  is  apparent  at  once.  Professor  Prescott  had  the  Ypsilanti 
water  drawn  by  his  own  assistant,  and  in  that  water  the  Br  was 
a  twentieth  part  of  what  it  is  in  this  analysis.  The  potash  and 
may  also  have  been  altered  in  No.  307.  But  I  have  thought  it  best 
include  the  analysis — first,  to  show  how  recognizable  an  altered  anal- 
jris  is  likely  to  be  to  a  student  of  natural  ones.  The  analysis  was 
yeoognized  as  not  natural  by  Professor  Prescott  and  myself  quite  inde- 
pendently. Again,  I  think  the  real  mineral  water  was  used  as  a  base, 
and  in  some  respects  the  analysis  is  quite  comparable  with  and  an  inter- 
esting link  to  the  other  Dundee  limestone  water  analyses.  The  sample 
gave  Professor  Prescott  a  specific  gravity,  at  15.05^  0,  of  1.070,  and  the 
oxides  and  acids  were  E»0  3.537,  Na^O  37.502,  MgO  3.116,  OaO  4.203, 
JBQi  3^12,  01  49.408,  Br  6.380,  1 0.319,  GO,  0.035,  SiO,  0.010,  H,S  0.649. 
Ife  most  be  recognized  that  we  are  dealing  with  a  group  of  waters 
fvUdi  are  unquestionably  of  high  healing  value  and  economically  of 

in  which  there  is  lively  competttiony  and  where  there 
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I  •  tMipattiia  fer  aa  onor  to  add  Ui  his  well,  before  aniUji 
I— ■!■  naiiikHMl  iliiiiiihlii.  jnstaa  tlie  frnnoas  Aimlliuum wakr  ^ 
■iltote«««HldeMlteaiitiii«aI]]r  added  toil.  It  isli'^liinujeirtti  '' 
It  it  and  if  the  water  i«  kept  tnit>  t«  lu  <tiiiH  ^ 
tj  Apply  alAo  to  >'o.  310.  tliough  T?|nitli 
I  a  wril  iW  feet  deep.  The  CO,  is  certain!;  mUi  ' 
nw  cenld  be  aoarlj-  TejirodDced  by  dilating  >'o.3ll 
I  fiild.  1  do  nut  xny  ihal  tbi8  i»  not  »u  > 
«  aiiiKt  alM>  t>p  dilnted  to  be  drinkable,; 

___r,aiialyE«l  b.v  ProfesdorPrewott: 

tMr  sMttheaaaljnHyabU&bMlbj-tlii^'uirDer,  was  adiliitioDafan 
\  artiAciaDy  dur^^  with  rarbrni  dioxidi.-^  andd 
1  water.    Most  waters  are  artifically  charged  1 

'sWih.3Hi»otw9ltegttammvtU  1,400  feet  deep  at  Beulon  UarlxiriM 
IwlDciMiaamrof  MkUpui,VoLV,PartlI,l'I.VlI,.    Tbe«i 
ill  ail  ••  BmiIo*  BariMir  Exedsior  minem)  water.    Prof.  Ji^nt 
IMg,  of  Xorftwaateni  CnEvensity.  aiialyi<>t.    The  H^  in  uubic  i 
trpaDoaatTOs  p.    SpecificeniTityof  w«lerat7l>°F.,  l.lti5e;aUu«ri 
trtn^^ndacCioD. 
Ko.  MO  is  of  water  fhxa  Coldwater,  sent  by  C.  B.  Iland^  Ft**! 
toaor   l*rasn)tt.  asalyvt,  18U.     Compare  alito  (teologitral  Survey il 
liebigan,  VoL  V.  Part  II.  PL  X.    The  bases  and  acid.4  deteniilaill 
were  as  follows: 


Ni'.  .nil  i-  i.r  S;i!iit;»ris  MMtor.  I'oiilri]  .iml  jin:  .>[i 
An;ilvst,  C.  ['.  ClialKllcr.  IJi-dilvcil  i:-'t\\  -i.i\r.<.  \.,-r  I'l 
-;ill..ii  to  -t:\uo  |i,'L-  lilrr  ..r  kil..-l-;nii.  ( 'liM ti.il.T-.  No.  .T 
l-^!tll.  This  ^^aU■l•is  sai.l  t,.  lu-  iVimi  ;i  ^^.■ll  ;;ill  tVrr  .],:■] 
<i..«n  to  n»k.  r,>m|Miv  :il)nv.-  unil.r  Ni..  li;'!;  sr,-  ai^, 
Survey  of  Mi.lii-iiii.  Vol.  V.  I'iirt  11.  I'l.  l.XII.  ir  i<  bai 
iliHt  by  an  unoxii.'i'tc.i  I'old  or  fault  tli.>  !'.on';i  ^-rit  ,-..ini- 
ilif  water  rescmblesveiyTini.il  that  ..f  \V;ilcs  No.  1  i-j  n 
Uiun  iNo.  'JHo). 
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Ho.  311  is  of  water  from  the  St.  Olair  mineral  springs.  Oited  by 
^iiBj  op.  cit.,  page  149;  no  analyst  is  given.  The  analysis  is  not  com- 
itey  and  I  have  doubts  as  to  whether  it  is  in  grains  per  United  States 
imperial  gallon,  and  also  as  to  the  specific  weight. 
Ila  312  is  of  water  from  the  St  Glair  spring,  Oakland  House  well. 
Bttiy  1,250  feet,  cased  1,000  feet.  Statement  pnblished  in  pamphlet 
b  grains  per  United  States  imperial  gallon  (really  imperial  gallon), 
iplyst,  S.  P.  DnfBeld.  ^^  I  think  you  would  find  more  salt  if  you  went 
Bjper.''  "Your  water  shows  a  large  proportion  of  calcic  chloride.^ 
lis  analysis  is  remarkable  for  the  largest  proportional  amount  of 
Kth  chlorides,  and  yet  only  traces  of  bromides,  etc.  It  would  be 
kBresting  to  know  how  much  i)otash  the  water  contains.  (Compare 
ii.313.) 

Ko.  313  is  of  Somerville  spring  mineral  water,  St.  Clair,  Michigan. 
Btement  in  published  pamphlet  in  grains  per  imperial  gallon  (as  the 
pores  are  multiples  of  7).  Analyst,  S.  P.  Duflield.  This  well  is  very 
fe0e  to  that  from  which  sample  No.  312  was  taken,  and  yet  the  waters 
e  markedly  different;  the  analyses  were  made  by  the  same  chemist. 
Oi  the  potash  and  bromide  belong  to  an  upper  fiow  which  is  cased  out 

No.  312 f    In  other  cases  also  the  KCl  and  the  CaCla  are  inversely 
loportional. 

JTa  314  is  of  water  from  the  Mount  Clemens  original  well,  which  has 
io  at  times  been  known  as  the  Avery  and  the  Soolbad.  Analyst, 
\  F.  Meier;  cited  in  grains  i>er  gallon  without  specific  weight,  by  Pc^e, 
u  cit.,  page  148.  This  water  is  the  least  mineralized  of  all  the  Mount 
lemens  waters  analyzed,  having  as  much  or  more  NaCl,  but  being 
siicient  in  earthy  chlorides,  elsewhere  so  marked  a  feature  of  the 
ftters.  As  the  Mount  Clemens  resort,  like  most  Michigan  resorts  of 
is  class,  started  in  an  abandoned  salt  industry,  this  may  represent 
ore  nearly  the  original  brine,  the  casing  being  afterwards  withdrawn 

let  in  brine  stron^^er  in  other  constituents. 

No.  315  is  of  water  from  the  same  well  as  No.  314 — the  Avery, 
oalyst,  S.  P.  Duflield.  As  given  by  Peale  this  is  in  grains  per  United 
Ates  gallon,  and  the  CaSO^  is  stated  as  100.56.  In  pamphlets  I  find 
e  CaS04  100.335  and  the  gallon  stated  as  the  imperial,  the  same 
^res,  which  are  mostly  multiples  of  7,  being  used.  This  is  the 
lalysis  of  Mount  Clemens  water  most  often  cited  in  other  reports  for 
mparison.    The  presence  of  nitrogen  is  interesting.    Perhaps  some 

the  rare  gases  recently  discovered  which  have  masqueraded  behind 

are  also  present. 

'So.  316  is  of  water  from  the  same  well  as  Nos.  314  and  315 — ^the 

Milbad.    Analyst,  S.  P.  Duffleld,  1884.    Only  a  partial  analysis.    Cited 

r  Peale,  Bulletin  U.  S.  Geological  Survey  No.  32,  page  148. 

No.  317  is  of  water  from  the  Clementine  well,  1,060  feet  deep,  at. 

oant  Olamena,  B.  B.  Ooorsin,  proprietor.    Cf.  Geological  Survey  of 

ichigan,  YoL  V,  Part  II,  PL  XLII.    Fenton  Hotel.    Analyst,  Tbeo. 
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Tonnelr,  McKt-esport,  Pennsylvania,  June  14, 1893.     Si*«cific 
1.13i;{.    Given  ou  advertising  card  as   in  grains  per  rait«d 
gallon;  epecifii'  gravity  allowed  for,  tlie  anittt  for  gas  not  given, 
solids  by  evaporation,  at  20,.'jo  C,  10,T,S0.3  grains  per  gallon.    By 
matioii,  iiichuling  S   10,874.526  liydn>«ulpbate  and   liydrosnlpLite 
sodium  lumiwd  togBllier,but  not  tlie  day  and  sulphide  of  iron,  as  lux 
oble  matter.    Tlie  snlpbide  of  imn  and  free  S  indicate  decompositiaa i 
the  HjS  and  precipitation  on  the  lon^  jonrney  to  Pennsylvania. 

No.  318  is  of  water  from  the  Monnt  Clcmena  Medi-»  well.  Deiill 
1,244  feet.  Second  well  pat  down.  See  Ueologi<;aI  Survey  of  MlcUig 
Vol.  V,  Part  n,  page  71.  Analyst,  S.  P.  I>umeld,  IStil.  Ciu-i 
Peale,  Itulletiu  IT,  8.  Cieological  Survey  Xo.  32,  page  148,  aa  m 
per  United  States  gallon.  This  analysitt  In  so  similar  to  No,  319  w 
appear  like  an  incomplete  version  of  the  same;  bnt  the  latter  i»  gii 
in  graiuH  per  imperial  gallon. 

No.  31!)  is  of  Wfttpr  from  the  same  well  as  No.  .lis.  Analyst,  8. P. 
DnlUeld,  cited  from  pamphlet  in  grains  per  imperial  gallon.  In  SbC^ 
MgClj,  and  in  tolal  AolidK  this  t^hcikH  well  with  the  Clementine  analynti 
No.  317;  but  No.  SID  has  CaCl,  where  No.  317  has  the  same  amoin 
approximately  divided  between  potaasic  and  calcic  chloride. 

No.  S'M  is  of  the  water  of  the  .Mount  Clemens  Sanitariuio  Companf, 
Limited.  This  is  from  the  most  recent  well,  1,000  feet  deep,  with,  it 
believed,  only  70  feet  casing.  Analyst,  John  E.  Clark.  Water  tab 
July,  1890.  Analysis  dated  August  5,  1896.  Gas  in  cubic  incht*; 
other  constituents  in  grains  per  imperial  gallon.  I  have  not  been  abh 
to  find  by  irii|iiiry  wlietlier  or  not  tlic  specific  {;i'<ivity  w  as  tiilien  iBlc 
account,  imt  I  hii'vi'  ai^siimd  lor  the  n-.liicti.pn  tliat  the  iruiK-Eial  ^mIIu 
was  taken  !is  111  poniids.  In  this  saniid.'  imd  in  No.  :il9  CO,  «a.- 
present,  but  was  imt  cstiiii;ited,  iiiLd  the  iron  siiipUiile  iirei-iijilati'  u 
included  in  tlie  sunitnatir>ii. 

No.  3i'l  is  of  water  Ironi  tlie  well  of  the  Windsor  Salt  Works. 
Windsor,  4)ntario  (diroi'tly  ojipiisite  Detroit].  Analyst.  I".  E,  Engle 
hart.  Slleciti^^  gravity  1.I.S17.  1  Inive  taiien  this  analysis,  in  default  of 
any  analysis  of  water  on  the  Michigan  side- of  the  rivi-r,  to  show  tli« 
nature  t»f  the  lower  sail  brine. 

The  foregoing  analyses  show  clearly  tiie  nature  of  the  waters  from « 
geolofrical  point  of  view.  Passinfj  tlironj,'li  the  ini|)crvTous  cap  nf  hlait 
shale,  at  first  compaiatively  weak  water  strongly  cliari;t'd  wiih  -^.i^. 
especially  H,S,  is  struck  (analyses  Nos.  L'!l(i.  3iKI.  31)1.  and  ;iii;i  u>-W'.  ■ 
Penetrating  deeper  we  come  to  a  set  of  strata  saturated  wiili  hitifiii- 
or  mother  lii|iiors(cf.  Nos.  L'8;i  and  L'84  with  Nos.  318  and  31!',  dei'i»iii-il 
from  the  sea  which  was  left  after  the  great  beds  tjf  rock  salt,  wlii^li 
have  been  and  are  now  actively  exploited  through  still  di-eper  wtlls 
(analyses  Nos,  3"J0  and  3L'l),  liaii  been  laid  down.  Organic  matter,  as 
ab-eailynn'ntir.iir'd.niayhave decomposed Ca.'^O, and  produceil  the  II  S. 

The  reeordsol'  various  welis,  as  giveti  by  .Mr.  WrigUt  in  Vol.  V  (H  lUt 
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of  the  geological  Buxvey  of  Michigan,  contain  a  mass  of  data  as 
fhe  specific  gravity  of  the  brines  at  the  varioas  depths)  illastrative 
these  points. 

Bo.  322  is  of  water  ftom  the  Oanfield  &  Wheeler  well  at  Manistee; 
»gical  Survey  of  Michigan,  Vol.  V,  Part  II,  PL  XXXL    A.  B. 
^tty  analyst.   Analysed  between'1883  aud  1890.    Specific  gravity 
aOOF.,  1.20054. 

Bo.  3^  is  of  water  ftom  the  same  well  as  No.  322,  and  by  the  same 
^st ;  1803.    Evidently  the  brine  bad  deteriorat<*d  in  purity.    Specific 
kVity  at  160  C,  1.26;  at  26o  0.,  1.255.    The  analysis  was  only  partial, 
foUows : 

01 184.477 

Br    9.730 

OmO «5.353 

i»  MgO : 24.280 

!• Tr. 

80i Sl.tr. 

K Tr. 

U Tr. 

.  provisional  estimate  of  the  potassium  was  obtained  (weighing 
ic  platmic  chloride)  giving  0.0169  per  cent  of  K2O.    An  estimate 
the  lithiom  weighed  as  salphate  gave  daplicates  for  0.0111  JAO^ 
^is  snrdy  flv  too  high."  . 

esttmate  of  the  bromine  was  made  by  the  indirect  method 

in  Joamal  of  Analytical  Chemistry,  Vol.  Ill,  page  375, 1889, 

with  a  solntion  of  silver  nitrate  of  known  strength  for  precipita- 

and  estimating  the  excess  of  this  solution  used,  so  that  the  con- 

iption  of  silver  nitrate  in  precipitating  can  be  held  as  a  control  for 

weight  of  metallic  sQver  obtained  through  reduction  of  a  known 

iiiiioiint  of  silver  chloride  bromide. 

Bo.  324  is  of  brine  from  Sand  Beach  mineral  well.    Depth,  1,920 
ftst.    See  Geological  Survey  of  Michigan,  Vol.  V,  Part  II,  pages  80-83. 
Bk  O.  Kedzie,  analyst,  Angost,  1890.     Original  figures  are  in  grains  per 
Imperial  gallon  of  10  pounds.    This  and  the  two  folio  win  ^  an  aly  ses  have 
interesting  history.    The  well  whose  record  is  given,  loo.  cit.,  was 
a  salt  well.   When  Dr.  Eedzie's  analysis  showed  the  astound- 
ing and  unsospected  proportions  of  K  and  Br  given,  Mr.  George  W. 
i^-Jenks  had  the  sample,  sent  to  S.  P.  Duffield  for  verification.    The 
.analysis  returned,  No.  326,  shows  an  even  stronger  water,  and,  cnri- 
oiisly  enough,  all  the  constituents  increased  in  exactly  the  same  pro- 
portion.   Finally,  a  sample  sent  in  1896  to  Hetherington  &  Basher, 
an  English  firm  of  commercial  chemists,  with  a  view  to   testing 
befiire  exploiting  such  remarkable  richness,  gave  analysis  No.  325,  in 
which  the  Br  and  K  have  dropped  to  more  usual  proportions.    Some 
comments  may  be  made  later  on  this  whole  subject.    Suffice  it  to  say 
imVy  that  a  oonsiderable  sample  of  the  original  water  still  exists  at  the 
'  Agrioaltnial  OoDege,  and  there  is  every  reason  to  believe  that  the 
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original  siualyaiR  is  a  (;oiToct  one  cf  the  origiiial  wuter  at  l,8fi0feeL 
The  samplB  analysed  in  1806  was  mixed  with  n  deeper  water,  forlbe 
veil  was  theu  deeper. 

No.  325  iB  of  briue  Irom  Saud  Beaoh.  9.  P.  Daffield,  analyst.  Ue^- 
ence  as  above.  Specific  gravity  at  60°  F.,  1.180.  Statement  given  id 
grams  per  liter  {really  per  kilogram).  H,3  is  0.2271  gram  or  10.745 
cable  inches.    Total  8olid»  directly  estimated  per  liter,  311.G  grams. 

No.  326  18  of  brine  from  Sand  Beach,  taken  in  ISOG.    Analysts,  Heth- 

eringt^n  &  Easher,  England..  Specific  gravity,  1.1S7.     Probably  id 

I  this  aiialysii^  the  imperial  gallon  is  really  a  volnme,  and  not  as  in  the 

two  previons  analyses  10  poundx;  in  saeh  a  <:a8e  the  total  solids  woalS 

agree  closely.     The  redaction  is,  liowever,  made  by  dividing  by  70. 

The  next  group  of  analyses  are  all  from  the  same  well — that  of  tie 

'  Alma  Sauitarinm,  Dr.  J.  H.  Lancashire,  president.     The  well  record  ii 

I  illnstrated  in  flg.  2,  which,  being  of  a  deep  well  in  the  center  of  the 

I  basin,  illnstrates  also  the  general  relations  of  the  strata  for  most  of 

t  the  other  wells  mentioned.     The  Berea  grit,  howevei',  was  not  rexiort^d 

'  fu  this  well;  this  is  quite  strange,  as  the  formation  i.i  well  developed 

at  Bay  City.    These  wells  do  not  give  off  HjS  jierceptibly,  but  a  small 

I  amoant  of  illiiminaling  gas  in  discharged  which  the  analysis  does  not 

mention.    The  effect  of  pulling  btkck  the  casing  bo  as  to  let  in  the  Mar- 

t  Bhall  waters  seems  to  increase  the  bromine  and  decrease  the  total  solid 

constitnentf.     The  relative  increase  of  salt  and  diminution  of  chlorides 

oS  lime  and  magneaia  agree  in  indicating  that  thereby  a  more  purely 

salty  brine  like  No.  281  is  admitted.     A  siniiliir  experience  was  had  at 

VpsilaiiM.     In  other  words,  the  Alma  water  is  a  mixtiire  of  rhe  upper 

birtoriis  of  Mniiiit  Clemens  with  a  brominifemus  .Miirslmll  water.    Tlie 

analyses  are  stated  in  grains  ]ier  I'nited  States  ;,'iillim,  jnid  I  Ii;ivf  not 

beenable  to  obtain  the  origin;il  (ignres  nor  the  specilir  gravity,  hut  tliey 

should  he  reduced  to  iiarts  ]ter  thousand,  for  citiniiarison,  by  diviilin;: 

by  about  70;  this  implies  a  specific  gravityof  about  1.1!,  which  7uiisl  be 

nearly  coirect, 

No.  327  is  dated  August  17,  ISJtf.  Analyst*,  V.  V.  Cliaiuller  unJ 
< '.  E.  Pellew.of  Colnniijia  I'niversity.  See  (leological  Survey  <if  Micln 
gaii,  V.il.  \',  Pait  11,  page  W. 

No.  :i'2>i  is  dat<.Ml  May  24,  lS!t4.  Same  analysts  and  references  as  No. 
;{L'7,  The  casing  liad  been  pulleil  bark  for  the  above  analyses.  I  ;ini 
informed. 

No.  :i-J'.l  is  dated  .laniiacy  M,  ISOD.  The  well  struck  this  water  in 
March,  1.S.H!).  This  I  understand  to  be  jmrely  the  bottom  watiT. 
Aimther  account  of  the  casing  is  as  follows: 

Tlii->  well  was  ciswl  with  H-iiioli  oiising  500  f.:,'t,  then  a.  5i-in.li  •-.ixiag  liir.  iVet. 
At,  1.<I5:!  feet  l)i>-  linlo  wna  iciliicnl  tii  a<1niit  ]i  IJ-iiicli  uasiii;:,  wliiih  wna  ov.>iif  iiiilly 
Ciin  i^a  <l<»vii  to  tlu'  l,.''iOl>-r<>Mt  liivul.  rrnm  thm  |...Jiit  tlieio  is  no  caaiui:  ami  n,'  :.7t 
uaili^  a  t>iiiii[>  tli;it  oxttiK]!!  dowu  1,.500  feut. 


■•]      WATEB8  FKOM  DEVONIAN  OR  8ILUBIAN  LIHBSTONBU.         83 


(•nlKAl,  >!(.»•,  k»K, 


a  f_l  b>li(  at  Ant  nd  mal 


tap.  Mt,  IWl  »-»rf  ij™  fc"  f-«-.  1"«1  """^-J  J"-.  1- 
7iu.  1.— GeokglCBl  oolamD  at  lbs  AIbul  Sanltariuu 


LOWEB   UICHIQAN   UINEEAL   WATEBg,-* 


''  Haraii.  (Exe^idar 


tkCO, 

CaCI, 

CaSO, 

JtClfiB... 


UgPk 

f«i«>W -- 

^■so.. 

mpuaiam 


;,}  •"■« 


i.ata.M  I  itx.7M 

ILUO  j         CLT11 
IS.  101 


(.,«.« 


f      n.tn 
\       .Iff) 


ai.i3a 


=3 


»T  }■- 


S«HCO,. 

ToliJl,>o 

Tr.KH, 

diti" 
eviipo 

'     T        1              ' 

tlSlBJ  W.2B3 

17,  W.I 

("■«2 

37,  «« 

.'/1S.527        .MB 

/i6,*n 

«.:..«. 

■ 

.■MlTlljICtV,. 


A     WATBM  nOK  DBTOMUV  OB  SSLVfOUS  UMBSTOHKa. 


86 


•IiuM»lnble  and  not  Indaded  in  inmimthi. 
1^  Iodine. 


Ji;^ftk.. 


«K»4-Ca+Hg. 
/Hydroot. 


a  HyditMolphAte  ftnd  hydrotnlphlte  o: 


f  Oabio  Iboam. 


XfUkX.   WATXIia. 


Ste-L         Sat.    ' 


•* ("- 


»** — <  -» — 

t^ — f=>— 


-r?:?)- 


r-}=T 


h=t 


_ 1 — ; — I 


ITL* 


1       M 


^ 


M  IiOWEB  UOmOAK  lONBEAL  WATEB&  87 

■ 

En  spite  of  the  difficulties,  upon  which  I  have  enlarged  perhaps  too 
■jofa,  I  am  able  to  make  some  generalizations  of  interest  and  I  trust 

practical  value.  x 

Ef  we  take  any  one  stratum  yielding  water,  we  find  that  the  deeper 
Is  the  more  strongly  mineralized  it  is.  At  the  margin  the  salts  are 
Me  often  carbonates  and  sulphates,  and  are  replaced  below  by  chlo- 
ieBj  and  the  earthy  chlorides  and  bromides,  etc.,  appear  to  be  richer 

the  deeper  or  central  parts.  But  the  rate  of  mineralization  is  fiur 
MD  the  same  in  dififerent  beds.  The  freshest  horizons  for  a  given 
gpth  appear  to  be  the  Dundee  and  the  Marshall.    The  former  appears 

be  characteristically  sulphureted,  far  more  so  than  any  other  hori- 
■I.    The  latter  is  the  chief  horizon  for  potable  water,  and  is  capable 

•applying  a  large  part  of  the  State,  but  must  be  shielded  in  many 
MB  firom  overlying  waters.    Above  the  Marshall  the  waters  are  likely 

be  mineralized  even  if  quite  shallow,  and  generally  strong  in  sul- 
lates,  with  or  without  salt.  Below  the  Marshall  is  the  Berea  grit, 
kich  is  somewhat  saline  even  in  shallow  wells,  yields  excellent  brine 
the  deeper  wells,  illuminating  gas  and  oil  rather  than  H3S,  and  is 
liked  by  the  predominance  of  sodium  and  the  relative  freedom  from 
ctby  chlorides.  Has  this  any  connection  with  its  isolation  in  a  shale 
rieB  away  fit>m  any  limestone  t  Below  the  Dundee  the  predominance 
tfaeee  earthy  chlorides  is  characteristic,  and  also  probably  the  con- 
ntration  of  K  and  some  of  the  rarer  elements  from  the  great  salt 
positing  process,  the  results-of  which  we  find  still  farther  down, 
Qo  far  as  the  rarer  elements  and  less  sought  for  compounds  are  con- 
med,  it  must  be  said,  however,  that  analytical  mt^thods  are  not  yet 
tisfiM^tory  for  brines.  The  Midland  Oheniical  Company  is  a  large 
innfacturer  of  bromine,  practically  dominating  the  industry,  and  is 
Id  to  have  improved  methods  of  analysis.  But  these  are  commercial 
nsiderations.  I  have  had  complaints  that  efforts  had  been  made  in 
in  to  get  from  the  East  Tawas  brines  the  bromine  that  was  said  to 
I  there.  Again,  the  presence  of  celestite  associated  with  sulphur  at 
ofteld  and  other  i)oints  in  the  Helderberg  series,  suggest  that  Sr  must 
\  a  constant  constituent  of  the  sulphureted  waters.  But  its  presence, 
en  in  traces,  is  rarely  noted  in  the  analyses.  Doubtless,  if  especially 
oked  for,  it  would  be  found  more  widely  ditt'used.  On  the  otlier  hand, 
bave  been  assured  by  a  competent  chemist  that  the  Michigan  brines 
ffer  from  those  of  Ohio  and  Pennsylvania  in  the  absence  of  iodine 
id  lithium.  Ammonic  chloride,  reported  from  Alma,  is  iirobably 
ideq^read  and  generally  overlooked. 

From  the  Dundee  and  the  limestone  series  below  are  a  number  of 
tereBting  brines  which  we  are  not  yet  able  to  difBorentiate.  The  first 
lalyaiB  of  the  Sand  Beach  brine  was,  I  believe,  oorrect,  and  the  bro- 
inUbrooB  pocket  wim  either  exhausted  or  dilated  with  a  lower  water. 
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for  evpu  the  English  »nalysic«  abows  a  notable  amoant  of  K  ami 
Tlie  Kenera]  criticism  may  be  nia<le,  on  the  explaitatioii  of  tlie  andonbt 
ediy  valuable  modicinat  bitteruii  of  Michigan,  that  too  little  atteul 
and  stndy  has  been  given  to  the  precise  effects  of  the  various  cumpi 
uentH  iu  particular  claastw  of  diseases.    Although  both  a  snlpbBrel 
water  and  a  inline  wiiter  have  medicinal  values,  they  are  nut  exact]] 
the  same.    Yet  the  uHual  cuistom  is  to  let  them  llow  together  aud 
continue  boring  until  the  salinometer  shows  considerable  streugtli, 
that  '-the  bathers  may  feel  the  buoyancy  and  feci  that  they  are  gelling 
their  inoneyVworth,''  and  it  is  desired  that  the  analysis  may  show  v^ 
strong  a  water  a-s  a  neighboring  establishment,  or  a  Mimilarity  to  son^ 
famous  water.     No  attempt  to  separate  the  various  waters  and  n^ 
th*-m  according  to  the  I'in-nm stances  of  the  case  seeina  to  have  bl^,q, 
mad»,  further  than  t^i  have  one  well  for  drinking  and  anotbet  fur  batt 
ing.    And  yet  anywhere  along  the  Detroit  and  St.  Clair  rivers  it  would 
l)e  easy  enough  to  have,  even  from  one  well,  a  snlphmet^d  water,  n  ™i- 
ciuni  chloride  water,  and  a  strong  salt  water,  and  perhaps  other  varie- 
ties, to  be  used  as  each  cawp  required. 

I  have  been  tohi  that  hygienic  living  and  drinking  plenty  of  ff»Ur 
are  essentially  the  most  important  curative  agents,  and  next  totliemi* 
salt.     So  far,  however,  as  particnlar  mineral  and  gaseous  ingredieol^* 
are  really  of  importance,  the  plan  above  suggested  would  certaiulyb^ 
a  step  in  advance.    Again,  in  view  of  the  evidence  of  gradual  cbttQgfss* 
in  analysis,  jierhaps  from  deterloriation  of  casing,  it  wonld  be  well  r^ 
keep  weekly  rconls  of  salinometer  stronRth  and  tcmperittnre  ;inii  a^^^ 
of  Ilifi|uaiitity  of  Hiiter  puMipeit.  whii'li  would  <|nirkly  iiidic;iteiiiiyU'.i^ 
ill  ihe  ciLSLiin,  iiTid  if  any  ti()tiible  diHtTcncc  w;is  thus  detected  it  iiii^l« 
be  well  to  analy/,e  the  water  again. 

In  studying  the  sanitary  analyses  of  potable  waters  1  am  brc>ii;;hi  fc 
the  conclusion  tliat,  so  far  as  typhoid  and  kiiLdrcil  diseases  arc  cun-  j 
ccrned,  direct  microscopic  investifration  and  hacloriological  study  arf  j 
nioce  important  than  consideration  of  chemical  cimstitnents  as  imlii*   I 
torn  of  sewage  contandnation.     It  is  easy  to  see  that  chlorine  iu  jw-   1 
ticidar  is  no  guide,  unless  onu  knows  aeeurately  the  normal  perecntiisn'    1 
for  uu contaminated  water  un(bM'  tlie  sauie  geological  coTiditions.    I'ruf. 
Delos  Fall,  of  tlie  State  board  of  Iicallh.  is  pursuing  researches  aluiij: 
this  line.     In  many  cases  even  an  abnorTiially  1"W  percentage  of  iniu 
eral  matter  or  salt  is  suspicions,  as  itnlieatiiig  dilntion  with   rain  aii-i 
other  surface  water.     This  is  es)iecially  true  of  abuorinaliy  soft  w;iteis. 

1  have  given  the  dates  of  the  analyses,  because  the  State  boani  of 
health  has  shown  that  tlie  iirevaleiiee  of  typhoid  fever  increases  witli 
the  lowerint;  of  the  water  iu  the  wells,  the  curves  of  their  diagnitu 
showing  the  prevalence  of  typhoid  fnun  luoutli  to  month  and  the  ]>.h- 
allel  lines  the  heighl  of  water  in  the  wells.  The  lowest  water  (ill 
inches  below  gronnil  ou  the  average)  and  the  greatest  number  of  casi-^ 
of  ty|>hoid  oui^ur  in  October,  the  highest  water  (X97  iucbcs  beluw 
^''I'uiitid)  and  the  fewest  cases  of  typhoid  in  the  spring. 
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Kot  only  does  mimmila  oocnr  in  peaty  waters,  which  are  not  neoes- 

sarily  dangerons,  though  likely  to  be  malarial,  but  in  the  Alma  well, 

at  a  depth  of  2,860  feet  we  find  it  playing  the  same  rdle  as  magnesium 

or  calcium.    Hence  it  is  not  a  reliable  indication  of  contamination.    It 

does  not,  however,  by  any  means  follow  that  a  chemical  examination  of 

onlinary  waters  is  valudess.    With  due  regard  to  all  conditions,  such 

analyses  may  fhmish  valuable  indication  as  to  sewage  contamination, 

aud  it  is  one  of  the  objects  of  this  paper  to  enable  the  chemist  to  study 

and  judge  what  the  normal  analysis  should  be.    But  germ  diseases  are 

not  the  only  ailments  of  man,  and  extremely  hard  waters,  like  those 

around  Mount  Pleasant,  are  by  no  means  wholesome  simply  because 

there  is  no  jiossible  surfiBM)e  contamination.    The  relation  between  the 

percentage  of  various  mineral  constituents  and  certain  chronic  diseases, 

and  the  uric  acid  diathesis  has  not,  to  my  knowledge,  been  carefully 

studied.    The  map  (PI.  lY)  shows  by  shaded  areas  those  parts  of  the 

State  where  the  waters  commonly  drunk  are  most  likely  to  be  highly 

<^barged  with  mineral  matter,  and  it  would  be  interesting  to  see  if  these 

^^eas  correspond  in  any  significant  way  to  disease  distribution.    Of 

^nrse  in  these  shaded  areas  there  are  many  surface  wells  of  nonmin- 

^ral  waters.    Yet  the  waters  of  many  wells  are  strongly  cathartic  or 

otherwise  unpleasant  to  those  unused  to  them,  as  strangers  coming 

^taiporarily  to  help  in  harvest  and  threshing  soon  discover.    It  seems 

^Uitnral  to  suppose  that  a  water  which  will  favorably  affect  some  siok 

People  will  unfavorably  affect  others,  and  that  some  waters  may  be 

tiennanently  too  strong  for  some  constitutions,  while  other  systems 

Vhich  may  be  at  first  decidedly  unsettled  by  them  in  time  become 

perfectly  accustomed  to  them.    Throughout  the  central  or  shaded  area, 

bi  chronic  diseases  like  rheumatism  and  constipation  it  might  be  worth 

lirhiie  to  experiment  with  pure  filtered  rain  water  (flavored  if  necessary 

with  a  little  salt  or  lithium  carbonate)  as  a  beverage. 

In  regard  to  brine  for  salt  making,  rock  salt  and  very  pure  brines 
occur  in  the  Salina,  north  of  a  line  from  Trenton  to  Muskegon.  Next 
ranks  the  brine  of  the  Berea,  and  then  that  of  the  Marshall. 

Just  above  the  Salina  the  rocks  seem  to  be  saturated  with  bitterns. 
That  would  seem  to  be  a  most  hopeful  field  to  develop  for  x>otash  salts. 
September  29, 1899,  newspapers  report  that  explorations,  particularly 
for  potash^  will  begin  in  October.  Some  of  the  Coal-Measure  waters 
[*  seem  also  to  run  relatively  high  in  potash.  At  considerable  depths 
both  this  horizon  and  the  Marshall  seem  to  i)ossess  bromides  in  valu- 
able quantities. 
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The  Appendix  contains  some  analyses  which  were  received  too  late 
for  inMrtkm  in  their  proper  phMses  without  entirely  renumbering  the 
analyses,    BeCarenoes  to  these  later  anatyset  have,  however,  been 
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mserted  iii  tliB  proper  place  in  the  Ixtdy  of  tlif  (est,  iiud  tbe  place  ii 
wbifib  each  abonld  ooiiiu  is  iudiutted  by  the  nantt>er  given  it, 

Tbe  first  f«arte«u  are  cited  fi-oiu  tbe  Itepurt  of  tbe  Special 
Supply  Cinumittee  of  the  City  Oooacil  of  Traverse  City — the  re| 
of  EngiiieerH  II.  F.  Northrop  and  George  W.  Ilafler. 

No.  2A,  of  water  from  the  want  arai  of  Uraad  Traverse  Bay, 
made  November  24, 1884.    Analyst,  R,  C.  Kedzie.     (Op.  (.-it,,  p.  10.) 

No.  2B  wa»  of  wati-r  from  the  Kama  arm,  ooUected  April  18,  li 
&OII1  the  Burfiu'v  ut  u  (loint  a  little  north  of  Carter's  dock  and 
1,200  to  1,500  fwt  out  from  the  west  shore.     Analyst,  it.  O.  K. 
(Op.  cit.,  table  No.  2.)     tSome  blackeniog  on  heating;  iiitrites 
nitrates  a  traee. 

No,  2C,  of  water  from  the  eaat  arm  of  Grand  Traverse  Bay,  vu 
made  iu  April,  ISO'i.    Aoatyst,  It.  C.  Kedzio.     (Op.  cit.,  table  >'o.2.| 

No.  2D  is  of  Lake  Michigan  water  at  Chicago.     (Op.  cit.,  p.  20.) 

No.  5A  is  of  Detroit  city  water.  April.  IS96.  (Op.  i-it..  p.  14.)  Micro- 
scope shows  flue  saud,  mad,  diatom?,  and  a,ig».  Oxygen  absorbed  in 
fifteen  minutes, 0,0003;  in  four  hours, 0.0000.    Turbid;  reaction  neutnL 

No.  6A  is  of  Detroit  city  water.  Joly,  1806.  (Op.  cit,  p.  14.)  Oiy- 
gen  absorbed,  0.00034  and  O.OiHXiJ,  respectively. 

No.  7A  is  of  J>etroit  city  water.  February  15  to  22,  1897.  (Op.dL, 
pp.  14, 15.)  No  nitrites.  Oxygen  absorbed  in  fifteen  minutes,  O.00UIS; 
in  four  hours,  0.00070. 

No.  7B  ia  of  Lake  Michigan  water,  5  miles  oft"  shore  at  MilwaokM 
and  44  feet  beneath  tbe  surface,  where  tbe  lake  is  118  feet  deep.  (Op. 
cit.,  pp.  liS  ami  HI,  whiTf  it  miinluT  ol'  iithur  aiiajysi'.s  are  ;)lso  given,! 
Nitrites  iiiiTii'. 

No.  7C  is  (if  Lake  Miiibiyau  wiit4.T,  near  Chii'tigo,  lU  miles  out.  Ocfo 
ber  23,18!)(i,on  wliich  date  the  city  wiitt'i-  ciintiiiiifd  0.00;n  XiiCI.  Oi-, 
cit.,  p.  10,  wliere  other  analyses  iiroalso  ;,'ivi-ii..     Nn  nilriti'S  w  mir.iU-y. 

No.  ;!."iAi3  of  water  I'roui  Hoardniaii  Uiver.  svhii.'li  eniptiea  intu  lir.iful 
Traverse  Bay  at  Traverse  City.  April  J!',  l^HT.  Aiuilyst,  K.  r.  Ki-il,  ir. 
(Op.  fit.,  table  No.  2.) 

No.  35B  is  a  boiler-water  analysis  of  Loardmaii  Kiver  water.  M;in-L 
18y(i.  Analyst,  the  Dearborn  Drng  and  Chemical  Works,  of  Ci[ii-;i|;ii 
(Op.  cit.,  p.  20.) 

No.  li-X'  ia  of  water  from  a  bniok  on  the  insane  asylunt  <jn>iinil- 
Traverae  City.  November.  18S1,  Analyst.  K.  C.  Ked/ie.  lOp.  i-.t. 
p.  -18.) 

No.  3.1D  is  of  water  fniin  a  large  spring  ou  flie  land  uf  l£;niriah.  l.r 
&  Co.,  to  tbe  soulh  of  the  asylnm  at  Traverse  City.  Analyst,  U. ' 
Kedzie,  (Op.  <-it.,  p,  40;  also  report  of  commissioners  aiipoJnieil  f- 
select  a  location  and  site  for  the  Northern  Michigan  Asylum  lor  (In 
Insane,  Septeiiiber  JSO,  1S.S2.)  In  analyses  Nos.  3'>*'.  and  3'ily  smne  ims 
prints  bavti  been  corrected.  Uotli  samples  were  free  tVoin  ihIoi-,  fniilli 
alkaline,  and  i-ontained  a  small  iimoimt  of  suspended  sand  iiuil  liumii!; 
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So.  MA  is  of  water  from  a  brook  near  the  Agricultural  OoUege; 
verage  of  the  results  of  ten  students. 

Ko&  43A,  43By  43G,  and  43D  are  all  analyses,  made  by  Messrs.  H.  and 

.  Heim  for  S.  G.  Higgins,  of  Saginaw  Eiver  water.    Sample  No.  43A 

taken  opposite  the  month  of  the  Tittabawassee ;  No.  43B,  in  front 

the  East  Side  waterworks,  i.  e.,  about  a  quarter  of  a  mile  down- 

;  Ko.  43C,  at  the  Mackinaw  street  bridge,  about  a  mile  and  a  half 

fif  north  and  a  little  below  the  West  Side  waterworks ;  No.  43D,  at 

Chenesee  avenue  bridge,  about  2  miles  farther  northwest.     The 

ic  residue  was  determined  as  the  difiference  between  the  total 

the  inorganic  residues.    Neither  was  determined  by  summation  of 

itituents. 

Vo.  58A  is  of  the  water  of  the  Pagoda  Springs,  Mount  Clemens. 

t,  C.  Gilbert  Wheeler.    Temperature,  62°  F. 
Vo.  172 A.    September  30^  1897.    From  Lansing  waterworks  pumi>- 
station.    Light  straw  color.    No  sulphates.    Can  not  produce  dis- 
Chemically  somewhat  better  than  I72B.     Analyst,  Profl  Y.  O. 
n. 

Ko.  172B.     September  30,  1897.     From  the  Lansing  waterworks, 
fh>m  pumping  station  (No.  216  West  Main  street).    Opalescent, 
•pe  magnifying  100  and  500  diameters  shows  a  small  amonnt  of 
matter;    bacteria  doTeloped  are  nontoxicogenio*    Analyst, 
Y.  O.  Vanghan. 

These  two  analyses  were  made  on  aoconnt  of  a  typhoidfoTer  scare, 
t  it  was  discovered  that  although  city  water  had  been  introduced 
the  house  where  the  disease  existed,  it  had  been  cut  off  and  well 
ator  had  been  used. 
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No.  286A  is  a  recent  uualysisof  water  from  the  Ypsilanti  Sanitarium. 
iinalyst^  Prof.  John  B.  Clark,  of  Detroit.  Sjiecilie  gravity,  1.038; 
•eaetion  slightly  alkaline;  analysis  in  grains  per  imperial  gallon.  Kote 
;hat  the  H2S  appears  to  be  included  in  the  total  solids  by  calculation. 

No.  291A  is  of  the  brine  encountered  in  the  Bay  City  deep  well  at 
^200  feet,  Avhich  rose  to  the  surface,  notwithstanding  a  sx)ecific  gi^avity 
>f  1,2223.    Analyst,  Prof.  F.  S.  Kedzie. 
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LETTER  OF  TRANSMITTAL. 


Depabtmbnt  of  the  Interior, 
Unitbd  States  Geological  Survey, 

Division  op  Hydrography, 

WashingUmy  July  SI,  1899. 

Snt:  I  have  the  honor  to  transmit  herewith  a  manuscript  relating 
o  the  water  resources  of  Puerto  Rioo  and  to  request  that  it  be  pulv 
hhed  as  one  of  the  series  of  Water-Supply  and  Irrigation  Papers. 
The  report  is  based  on  notes,  sketches,  and  photographs  gatliered  by 
Hr.  Herbert  M.  Wilson  during  a  brief  journey  made  through  the 
JdftQd  of  Puerto  Rico  in  January,  1899.  The  object  of  this  trip 
^ift  primarily  to  study  the  topographic  characteristics  and  the  water 
^(Bsoaroes  of  the  island,  but  incidentally  numerous  memoranda  rela- 
*^  to  the  soil,  agricultural  products,  and  forests  were  obtained. 

Mr.  Wilson  landed  at  the  capital  city  of  San  Juan,  whence  a  sliort 
rip  was  made  by  rail  via  Rio  Piedras  to  Carolina,  wheiico  saddle 
^dmals  were  taken  still  farther  eastward  to  Canovanas  and  south- 
^*Mdup  the  river  of  that  name  to  its  head  waters,  in  the  Sierra  de 
•UquiUa.  After  returning  to  San  Juan  he  proceeded  by  ambulance 
'V'er  the  military  road,  which  crosses  the  island  diagonally  toward  the 
onthwest,  via  Caguas,  Cayey,  Aibonito,  Coamo,  and  Jnana  Diaz,  to 

<>Qoe,  traveling  by  slow  stages  and  making  the  distance  of  80  miles 
^  four  days. 

At  Ponce  Mr.  Wilson  and  his  party  were  furnished  with  pack  and 
^^e  animals  and  civilian  packers  and  set  out  the  next  day  via 
^juntas  and  Lares,  San  Sebastian,  and  Aftasco  to  Mayaguez,  on  the 
^t  coast.  Thence  the  return  journey  to  Ponce  was  made  on  horse- 
^ik  via  Hormigueros  and  San  derman  to  Yauco,  when^  rail  was 
^en  for  Ponce. 

^Ims  the  trip  included  the  country  from  the  mountain  tops  near  the 

^Btem  end  of  the  island  to  near  the  southeast  coast  above  Guayama 

Hd  to  the  south  coast  at  Ponce,  a  return  to  near  the  northwest  coast 

»t  Lares,  and  a  circuit  of  the  southwestern  coast  from  Mayaguez  to 

\mce.    The  party  crossed  or  visited  the  head  watei*s  of  all  the  more 

mportant  streams,  saw  nearly  the  entire  country  from  the  vantage 

loliits  of  the  high  summits,  and  visited  nearly  all  of  the  larger  cities 

oroept  those  at  the  eastern  extremity  of  the  island. 
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LETTER    OP   TfiANSMITTAL. 

This  I'uute  lod  into  the  liigbcsl  niouiiUiins  at  the  CA6t«>rQ  eail  of  Wvt 
island,  within  view  of  El  Yunque,  the  highest  pealc;  also  into  th« 
Sierra  de  Cayey  and  the  Cordillera  Central,  occupying  the  main  leogih 
of  the  island,  and,  finally,  into  the  low  coral  sugar  loaves  near  Lares, 
and  the  limestone  and  voicanic  foothills  of  the  Tetas  de  Cerro  Gnrdn 
and  Laa  Sillae  de  Caldei-on,  in  the  southwestern  corner  of  the  island. 
The  data  thus  obtained  concerning  the  water  resources  of  this  newly 
acquired  portion  of  the  United  States  are  believed  to  be  of  sufficient 
mportance  to  warrant  early  publication  in  this  series  of  papers. 
Very  respectfully,  F.  H.  Xewell, 

Uydroyrapher  in  Oiarge. 
Hon.  Charles  D.  Walcott, 

Director  United  Slates  Qeological  Survey. 
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WATER  RESOURCES  OF  PUERTO  RICO. 


By  HsBBBitT  M.  Wilson. 


TOPOGRAPHIC   RELIEF. 

Puerto  Rioo,  as  shown  on  the  map  (PL  I),  is  situated  between  lati- 
ttideB  17"*  54'  and  18°  30'  north  and  longitudes  65°  13'  and  67°  15'  west, 
4iii8  lying  well  within  the  Torrid  Zone.  It  is  the  easternmost  as 
^11  as  the  southernmost  of  the  Greater  Antilles,  though  still  farther 
^  the  east  are  the  lesser  of  the  West  Indian  islands  belonging  to  the 
BiFindwaid  Group.  The  shores  are  washed  on  the  north  by  the  waters 
a  the  Atlantio  Ocean,  on  the  south  and  east  by  those  of  the  Carib- 
bean Sea,  and  on  the  west  by  Mona  Passage,  which  separates  the 
island  from  Haiti.  According  to  the  best  information  obtainable 
ttom  measurement  of  existing  maps,  the  area  of  Puerto  Rico,  exelu- 
llye  of  the  dependent  islands— chief  among  which  are  Mona  on  the 
weet  and  Viequas  and  Culebra  on  the  east — is  3,670  square  miles.  Its 
irea  is  thus  one-fourth,  or  1,200  miles,  less  than  that  of  tlie  State  of 
Connecticut,  and  is  nearly  three  times  as  great  as  the  area  of  Long 
Uand.  Its  average  width  is  35  miles,  or  twice  the  width  of  Long 
Uland,  while  its  average  length  is  105  miles,  or  about  the  same  as  that 
Kf  Long  Island.  Fourth  of  the  Greater  Antilles  in  size,  it  is  roughly 
■ectangnlarin  form,  its  major  axis  lying  almost  exactly  cast  and  west. 

The  essential  tox)Ographic  characteristic  of  Puerto  Rico  is  its  exceed- 
ngly  mountainous  and  highly  eroded  aspect,  in  spite  of  wliieh  none 
if  its  summits  attain  great  altitude.  The  island  is  also  notable  for 
lie  abruptness  with  which  the  foothills  of  the  mountain  slopes  plunge 
nto  the  ocean,  leaving  practically  no  marginal  coast  plain,  and  for 
,he  variety  in  topographic  form,  resulting  ffom  great  diilerences  of 
irosive  action  at  either  extremity  of  the  island  and  from  changes  in 
peologic  structure.  Ext.ending  irregularly  througli  the  entire  length 
>f  the  island  from  the  extreme  northeastern  point,  at  Cabeza  de  San 
Fuaa,  to  the  extreme  western  points,  near  Rincon  and  Cabo  Rojo,  is  a 
leries  of  connected  mountain  ranges  forming  the  main  divide  between 
iie  dqdnage  of  the  north  and  south  coasts.    At  the  eastern  end  of 

It 
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this  ielauil  tb(>  muBt  commanding  range,  thv  Siorni  de  I.uqQillft, 
minales  ut-ar  its  eastern  extremity  in  the  high««t  peak  un  the  ial 
El  Yunque,  tlift  I'levation  of  whieh  is  given  bjr  Spanish  nuthoriti 
1,620  nietent,  or  apjiroxlmately  4,940  feet.  ThiK  appears  to  h 
error,  ainet-,  iwcorrtluK  to  an  aneroid  reading  hy  Mr.  A.  Hansan 
height  is  about  J},25<>  fwt,  while  the  ma|ifi  of  the  United  States 
Department  and  charta  i^if  the  United  StAtea  Hy<lrographic  Offia 
of  the  United  States  Coast  and  Geodetic  Snrvey  f'.\"f  it^  altiliu 
between  3,610  and  3,790  fwHt,  Whieh  of  these  elevations  ia 
nearly  correct  it !»  at  present  difGcuit  to  ascwrt^n.    A  north-soaih' 


'  iilinii 


FiO.  1.— Snctlon  north  mnd  ■oath  throngh  El  YoDqa?. 

swtL.iii  tliroLi-li  Kl  Viiii.[ii.-  (iLj.'.  1)  jri\vss..mc-  i*l.-ii  ni' 
of  llK-f;illtiitli,.  iiiirtli.  !iu'\  is  in  slrikiii^'  .■onlivi^I  1<itIi 
taken  .-lsc\\li..-iv  on  Hit-  isl:iiiil  (li^'s.  -  and  3),  wlik-li  >liu»-  Itu-  >l 
Hlopfs  ti)  ihv  south. 

A  suullicm  ^piii-  .if  111.-  l.ii.iuillas  (-.>rmi'<-ls  tliis  irLiiintairi  ran- 
III.-  iii.UhcastcrTi  spin' i.f  tin.'  Sii-rra  ■!.-  Cayt-y  in  n  I.. w, livid.' 
niil.-s  from  tin-  .'oasl,  tii-ar  lIiimmMo;  Ihcde.-  1!k-  SK-rra  ,|.- 
.■xtciids  w.'stward  tu  Aili.mito  I'ass  with  i-.iiiipanilivfly  uiuf.icni 
lions  Im'1\vi-<-ii  :.',i'I)ii  f,.,.L.  in  Ihc  l.nv.-sL  .li\id<-s  aii.l  :i.i.'nii  li-.-t 
hiHii.-slsiiirimils,  ji.m.-.ir  whi<-li  anM-sp,'fial!y  pn.iH>iiii<-rd.  Tli 
li.m  of  111.,  main  ran;:.-  of  Ttiuunlains  skirls  lh<'  .■astrni  ;.rid  -u 
(■..asis  very  rLiscly,  si.  that  tlir  p-catcr  ]»irt ion  .if  (hf  .iraiiia-.' 
•  'asl.'ni  lliinl  of  1h.- island  is  to  tin- ni>Hli.  I  In- .s.mtlK-ni  and  ■' 
.-..asl.-  RTi'ivinj;  lln-  drainaj:.'  fr.Dn  a  jiarr.nv  Indt  of  ..■uuiitry  d 
1(1  miles  in  widlli.  Till-  lenirtlL.iflli.-draiiiajr.' to  tlK-n.-i-lh/m.- 
in  an  air  lin...  is  from  i'.-.  In  :ii' mil.-s. 

At  AilLiiLilo  till' military  road  fr.nn  San  Juan  to  Pun.-.- ])as-i,-s  ti 
lb.-  lowi-sl  "lividc  in  tin-  ventral  ran.iri-  .if  iiioinilaius,  the  eleva 
this  hein.i;  appi'i..\inial.-ly  I.S4n  f.-.-i  al.i.vo  s.-a  level.  As  ii  iv 
tin- .-Lis-'iM'ss  Willi  wliieli  Ili.-s..  ni.inniaiiis  skirt  the  eastorn  ami 
erii  t-oasls.  they  sinldenly  fall  .ilf  in  a  distanee  .if  but  -2  to  :!  milt 
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baHy  fram  attttudos  of  S»fiOO  to  8,000  feet  to  the  back  coast  border, 
ilevatioiiB  of  200  to  800  feet.  The  atamptness  of  the  escarpmeBt  to 
south  and  east  can  thus  be  realiaed,  and  is  illustrated  by  a  north- 
.th  cross  section  (fig.  2)  constmoted  through  Guayama  and  San 
m.  This  cross  section  also  shows  that  the  fall  to  the  north,  while 
i  so  great,  is  still  qnito  abrapt,  reaching  the  elevated  basin  about 
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PiQ.  2L— Section  north  and  soath  through  San  Juan. 

ijyey  at  an  altitude  of  1,200  feet,  and  is  thence  more  gradual  through 
B  fQUlng  country  drained  by  the  Rios  Loiza  and  Ouayanabo,  in  the 
Ighborhood  of  Caguas,  Aguas  Buenas,  and  Comeiro. 
To  the  west  of  Aibonito  the  main  dividing  range  rises  sharply  in  a 
oader  and  more  strongly  maintained  sierra,  which  has  here  the  name 
Ridillera  Central.  The  passes  through  the  Cordillera  attain  altitudes 
8,600  to  2,800  feet,  but  upon  it  there  are  no  marked  peaks,  the 
l^bvest  summit  scarcely  reaching  3,300  feet  in  altitude.  The  Cordil- 
»  Central  is  Interrupted  to  the  north  of  Ponce  in  a  pass  2,320  feet 
altitude,  leading  to  Adjuntas,  at  the  head  waters  of  the  Rios  Portu- 
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Fig.  8w— Section  north  and  aonth  through  Ponoe. 


and  Arecibo.  A  cross  section  of  Puerto  Rico  from  Ponce  to 
•edbo  (fig.  3)  does  not  differ  materially  from  that  between  Guayama 
d  San  Juan,  the  chief  x)oints  of  difference  being  that  the  slopes  to 
B  Bouth  dp  not  f aU  away  quite  so  abruptly  as  farther  east,  while  to 
e  north  the  slope  is  decidedly  more  gradual  than  in  the  neighbor- 
odof  OBguas. 


IfATEB  BB80UBCBS  OF   PtJBBTO   BICO. 

West  of  Adjontas  the  aiemi  rittes  abrnptly  to  Kl  (lUilarte,  ti'&in/*    I* 
^  8,608  feet,  whicli  is  the  weond  inonutAin  on  th«  Ulaud  in  tei^ 
Here  the  eharncler  of  Iht?  main  diniliog  intiuntain  rangp  is  alirapUj 
chac^l.     A  number  of  rugged  spurs  branch  northweslwwil  tmnri 
Lares  and  haa  Mariiu),  westward  toward  Hormigueros,  and  soutlifM    < 
ward  toward  San  Uerman.     These  spurs  have  not  th<-  coutinuilj  ii( 

Ithe  main  mountain  ranne  from  which  they  spring,  but  are  brokeno) 
into  a  number  of  irregular  ridges  and  peaks  of  extremely  inggri 
,  «Bpect. 

t  The  series  of  controlling  mountain  ranges  as  sketched  above  atti 
the  »smo  geoli^c  time  and  origin ;  all  81*6  of  mixed  volcanic  and  ise^ 
mentarj'  origiji,  consisting  chiefly  of  horn  blende- and  e«i  tea,  gneisB,»iii 
F.tnff,  embedded  in  which,  but  found  at  altitodea  generally  below  J;OW 
rfeet,  is  a  compact  blue  limestone  of  Cretaceous  time. 
I  Abutting  against  the  foothills  of  these  commiiuding  sierras,  UJ 
I  forming  secondary  topographio  features  of  striking  imiK>rtance,  ■ 
'  number  of  varied  forms  found  at  different  portions  of  the  island 

fiwing  their  shape  and  mode  of  weathering  to  their  geologic  ori^ 

[.  On  the  north  coast,  between  Arecibo,  San  Juan,  and  Fajardo, 

I  Diain  summits  fall  away  rather  abruptly'  to  elevations  of  betmri 

I  1,000  and  1,500  feet;  they  then  continue  as  radial  spurs,  slopla 

Ugently  to  the  northward  and  interrupted  by  numerous  undulat^n 

r^lminating  often  in  peaks  of  oousiderable  altitude  and  promiaenefl 

These  are  separated  by  the  principal  rivers  draining  the  interia/ 

which  flow  generally  to  the  north,  but  are  deeply  indented  in  W 

surface  iif  11k'  country.     Thus  wUliiu  5  or  C<  miles  lo  lln-  unrlh  i)f  iht 

main  summits  the  river  bottoms  are  at  altitudes  cif  abouT  l,iv>ifwi. 

while  the  .siimniils  of  the  ridges  above  ai-e  at  elevatiniis  nf  i;,(N"iii' 

iJ,.500feet.     Again,  witliin  5  miles  of  the  coast,  the  river  Im-iIs  ;ir.-i^ 

elevation.s  of  50  to  100  feet  above  sea  level,  while  the  smnuiits  i>i'  ili' 

dividing  ridges  reach  allitudesof  1,000  tn  l.ofiO  feet.      These  diviiUii: 

ri'lfics  atv'  often  tnainlained  to  the  ocean  shore,  an-  high,  iiarrnw.  iiii'l 

A-shapcd,  and  are  separated  one  from  the  ether  by  tlcep  V-sli;ti"i 

valleys    eriHlod    by    aumerons    stri'ams    flowing   in    every    di^^'^■lillr 

thruughoiit  the  interior  of  the  island. 

COASTAI,   T01'U(.;RAI'HV. 

The  topography  of  the  coast  boiler  eon.sist.s  of  narrow  mannn: 
plainw  extending  here  and  there  np  the  river  valleys  for  from  ."  !■> 
miles.  Tliese  flat  coast  land.sare  called  playas,  and  tiieir  eontiiuiii 
is  broken  on  the  northeast,  southeast,  anti  northwest  by  spurs  of  tli 
main  mountain  jiia.ss  which  pUmge  directly  into  tlic  ocean,  Tlit-r 
encircling  jilains  and  playas  arc,  moicovei',  irregularly  lirokcn  liy  lo' 
coasi  In'lls.  <>n  the  south  these  are  all  of  limestone  and  ai-o  l'ih''  toU 
^^^n  height ;  on  t\ie  nnvUi  t\\i-y  •.«>■  a  wvav-s ".fl  A-VvwaV  reefs  ei--"l'- 
■^^^pched  hills  of  Su  le  Ari^UecX  ■wV>.-\->V.    ''CVv^-feWw  v-i-4s,\v«Y 
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raphy  may  be  divided  into  three  types,  distinct  from  the  central 
mountain  mass,  consisting  of  (1)  the  playas  or  plains;  (2)  coast  hills 
and  parting  valleys  which  separate  the  latter  from  the  foothill  spurs 
of  the  central  mountains;  and  (3)  a  highly  eroded  coral  plateau,  an 
intermediate  topographic  type  beween  the  sierras  and  the  coast  topog- 
raphy, found  in  the  northwest  portion  of  the  island  between  Arecibo, 
Lares,  and  Isabela.  The  ascent  to  this  latter  from  the  west  in  the 
neighborhood  of  Aguadilla  is  abrupt  and  the  surface  of  the  plateau  is 
gently  rolling.  This  is  cut  by  the  more  important  streams,  which  have 
eroded  abrupt  canyon  walls  150  to  200  feet  in  height.  To  the  south 
this  is  topped  by  a  higher  series  of  sugar-loaf  shaped  buttes  of  coral, 
the  summit  elevation  of  which  is  about  1,200  feet. 

Still  another  topographic  type,  distinctive  only  in  that  it  is  an  exag- 
geration of  the  limestone  hills  and  parting  valleys  found  elsewhere,  is 
that  between  Mayaguez,  Cabo  Rojo,  and  Ponce,  in  the  southwestern 
oomer  of  the  island.     Here  the  sea  is  bordered  by  a  low  ledge  of  coral, 

pX>ed  by  a  heavy  i^tratum  of  hard  limestone.     This  is  tilted  upward 


Fio.  4.—  Cordillora  Central,  parting  valley,  coast  limestone  hills,  and  pl.iya  at  Ponoe. 

so  as  to  rise  from  the  southwest  toward  the  center  of  th(*  i^sland,  and  is 
separated  from  the  main  sierra  by  two  long  and  fertile  partiiij^  valleys. 
Elsewhere  on  the  island,  and  especially  well  developed  from  Ponce 
eastward  to  l)eyond  Guayama,  the  low  coast  hills  of  lim(^stouo  have 
their  east-west  continuity  broken  by  the  i)layas  at  the  stream  mouths. 
They  are  also  separated  from  the  main  sierra  by  short,  narrow  i)arting 
valleys,  eroded  by  branches  of  the  streams  whicli  drain  the  main  sum- 
mits (fig.  4).  Some  of  these  hills  terminate  abruptly  at  the  sea  in 
bluffs  100  feet  in  height,  while  the  parting  valleys  which  border  tliem 
on  the  north  have  elevations  of  100  to  200  feet,  their  summits  reaching 
altitudes  of  500  to  1,000  feet. 

PHYSIOGRAPHY   AND  SCENERY. 

In  order  that  the  topographic  forms  of  the  island  may  be  more  clearly 
comprehended,  the  following  detailed  description  is  given  of  some  of 
the  more  striking  surface  characteristics  along  the  route  traveled. 


^^^M  WATER  BESOURCEB  OF   PUERTO   RH 

The  poiintpy  travonM>d — by  railway  oastvanl  from  Snn  Jumh  as  tun 
t'arolinn,  and  tlif iic:e  by  inilitarj'  road  Ut  Rio  tirande— is  typk«l  "f  ll 
Iftrgor  playn8  reaching  from  the  sea  margin  to  the  back  coast  hiniec 
Thin  is  a  (wmparatively  flat  alluA'ial  plain  (see  PI.  II,  A)  nbont 
mouth  of  th4>Rio  Loizaaud  its  branches.     It  has  been  built  up  largely 
thnxigh  the  aid  of  mimgrove  growth,  which  haa  encroached  upou 
Heaand  retained  the  nllurium  brought doT^ii  bythe  streams.     Betwen 
liio  Piedras  and  CamUna  this  alluvial  plain  is  5  miles  in  width  frvn 
the  seaahoi-e.     Its  greatest  width,  near  the  month  of  the  river  oppcsil 
the  town  of  Loiza,  is  9  miles.     In  the  total  air-line  distance  of  30  mill 
from  near  San  Juan  to  beyond  Rio  Grande  tluB  plain  is  cut  by  Ihw 
large  lagoontt,  and  the  area  of  this  uiagQifioent  stretch  of  agricultctil 
land  is  about  100  square  luiles.     The  whole  is  well  cultivated  in  a  rick 
forage  grass,  called  "Guinea  grass,"  and  in  sugar 

To  the  south  of  the  edge  of  this  plsya  the  hills  rise  rapidly  in  brokn 
spnrs,  which  radiate  from  the  summit  of  the  Sierra  de  Luquilla.  Tha 
playa  land  is,  moreover,  not  an  unbroken  plain,  ll  is  com  para  tivelf 
level,  however,  rising  from  a  few  feet  to  about  BO  to  75  feet  above  « 
level.  The  apparently  dead  level  of  this  playa  is  interrupted  by  oca 
siouat  low,  bluff-lopped  hills  of  coral  rock  (see  PI.  II,  S),  which  hsi 
not  been  entirely  eroded  away. 

A  journey  southward  from  Canovanas,  up  the  river  of  that  nam^tit 
the  summit  of  the  Sierra  de  Luqnilla,  brings  one  immediately  intolto 
roughest  of  the  highly  eroded  and  rugged  mountains  which  are  w 
characteristic  of  the  island.  Cart  roads  ejrtend  up  this  river,  as 
as  up  Jill  111.'  <illi.-r  ihipj-c  l.-v.'l  stn-airiN.  unlil  1lie  diuiinisho.I  widlij  "f 
111.- f;.irgi- lliroiigli  wliii'li  il  Hows  and  Ihe  nmyhnes-s  of  thf  l■(lmlIry 
^■a^ls^■  iln'Tii  1.1  \v  supiiFscdi-d  by  trails.  The  river  flows  over  a  niii;:h. 
rm.'ky  lii.-d  arnl  between  steep  slopes  (see  PI.  II,  C),  which  are  liiii'klj 
covcn-il  willi  Tjntunil  and  cultivati'd  vegetation.  The  cart,  road  iir^l 
the  trail  ford  llif  river  fifteen  or  twenty  times  in  a  distance  of  aijuul 
<i  miles,  due  lo  llie  sharp  curves  of  the  stream  between  the  confin- 
ing mountiiin  slopes.  At  the  end  of  that  distance,  at  an  olevatinii  nf 
alwut  iJ50  fet't,  the  gorge  has  become  so  narrowed  that  the  trail  leaves 
il  and  climbs  ahniptiy,  in  H  or  ;i  miles,  to  an  altitude  of  1,350  feet.  In 
all  direeLiuiisbniiieh  trails  lea<l  up  the  steepest  slopes  to  the  hjiliitiS- 
tinns  of  the  iieiisiints,  who  are  everywhere  engaged  in  the  cultivali"" 
of  tlie  various  i.t()i)s  whii-h  thrive  best  in  each  particular  locality.  |ni' 
I'l,  II,  D.) 

The  niilitary  i-oatl  from  San  Juan  to  Caguas  passes  through  ;l  lully 
depn.'.ssion,  between  the  western  terminus  of  the  Sierra  deLuqu  ilia  ;i[iil 
llie  northern  spui-s  of  the  Cordillera  Central.  The  divide  between  thi' 
drainage  liasius  uf  the  Rios  Loiza  and  Bayamou  is  crossed  at  an 
altitude  of  but  ''iT'i  feet.  At  Caguas  ji  bi'oad  mountain  valley  on 
l!ie  lieji.l  watei-sof  llie  various  Imineliesof  tlie  Kio  Loiza  is  entertilat 
an  iiltitu.il'  ••r  i.':!n  I'.M-t,     The  slr)iM's  iii  every  diivel ion  jii\'  not  abrupt: 
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^^^  WATEB   BEFOrBCKS    OP    PTEKTO    BICO. 

<Bi)tM  in  dim^nxioa.  •nd  throa^  if  viiMl-  ia  fretki  serpeatiat  rar«  | 
M  Rigs  CofiuiUs  and  Tonbo.     Thv  former  makoi  •  long  eotlilMaj 
I  HoBt«,  a  lone  hill  300  Coet  ia  beiiAt  vbkfc  ooen 
[  the  nller-    (Sw  PL  1\%  B.)    Among  Um  hfgbar 
ibnoiti>  tbft  Mmntry  Mill  ha«  tbr  Mme  pietatw^n*  a^eo^thl 
IttMnnilj-  pwn'oral  Ap|)««nuineT  accentmUMl  onl?-  (15-  the 
tthtf  flaipCA.      Fnnn  the  liijiclierAOiniDiU  th«  AtUotjr  Oruui  lafli 
Inw  Ui  thi>  north  ftoii  IIk*  i'arihht'AD  Sea  bi  tfat-  sooth.    Eveyi 
[  topiigruph y  may  iH-ancn  fur  nilu  JB  all  diteirttons,  astlMi^i 
are  viowing  a  model  nap. 
BvyotHl  (.'ayt^y  aud  UieaoR  to  Oiwno  the 
>  fluiJi  sbetfr  tmJKliUi  or  dessDd  wi  abruptly  to  Ibe  bottons  of  p^' 
DtKesHfiUi  tie  impiisiug  In  the  exlrene.    BeHrcrnCoamo.JuaniDis, 
Dd  PoQre  thi;  aspi>et  of  tlw  wantry  is  ectirfly  disnmilar 
Isewhorv  (in  cb«f  roQt«.    The  mOitair  mad  skirls  the  soulheni  <k>fs 
tlhvCordillervCoabmlaad  mnaiiMiata  fairly  ronsuntdisuncenfi 
lllitM  bfkck  ot  Ihtt  muft.    I(  oroaees  mx  of  the  more  iraportao;  nt»> 
iilt'h  drain  the  sonUieni  alopea  (.see  PI.  ni,  B),  yet  at  no  pla«  d« 
iAttain  an  allitade  greater  than  250  feet  aborfr  w«  level,  noritihi 
tream  oma-Hinga  ia  it  leaa  than  100  feet  abnre  aen  lereL 
To  tliv  north  ibe  masses  of  the  main  sierra  ri«e  abmptlr  in  p^ 
iffgV'X  Mpuns  with  fairty  miiform  slopes     In  all  other  directjon^ iM 
oiintrTi'  in  n  rolling  plain,  broken  by  nnmi.Tui»  ridg<>«  and  detat'liil 
.  ills.     (.S(H^'  II.  VI. )     Tliese  are  separated  by  small  and  level  paitilf. 
valleys,  relatively  broad  and  all  under  enhiratioB,  chiefly  in  H^ii^ 
.■;m)c.      (S.-..  I'l.  \.  f.  I     Th.'  .■JiTir..  sMiilh  mvst  is  I  to  7  rail.-s  in  widlk. 
;ivi  r;i;riiiu'  ;il'nut  -'  lllill-^.  aii'l  fnim  riit^t  i)f  Gurtvama  to  a  little  west  of 
I'miii-.'  i>  rii'  iiii-  >jtiji,.  ;:.-niTiil  vluiracter.     The  sea   is  bordered  1'}' 
I'ui-iil   :••■•■(■:   >'iijiioi)rii-.   •■s|x-i-iiilly  near  llie  river  mouths,  bv  small 
[il;tya>,  aii'l  l>;i'k  <•!'  ili.-.^,  nfu-ii  quite  (^lose  to  the  coast,  rising  nonti- 
wjiiii    ili.-i-.-   i>   a  iili.-.l    linifstoiie   table-land.     This    is  eroded  idm 
•  ['■lachi'ii  hill-  jiii'l  ri<ljres  Iwith  liv  the  in>nh-south  primary  draiuii:' 
aii'i  liy  tlii-i-a.-t-wf~i  laH-ral  ilrainage  which  forms  the  parting  vallev!. 
TJii-L-.'  i-  ihiis  >fiii   rii  lie  a  larfre  area  of  excellent  agricultural  lauii 
aliinu'  till'  <-iMsi.  l.iL(  this  is  ,L''-ii'-raliy  soarid  as  to  rwiuire  irrigation  dn 
Tlii'  i'iilii\;iii(in  ..i  -II. -li  ihir.-iy  crops  as  siijrar  i-ane.      Small  frails  jiih' 
Mi:.i,Lhl.-  idi'LTMUii  »iihoiii  iri-ii:aTion  ami  all  the  hills  are  eoverf: 
Willi   I'ruiU'i    L,'i-.i--.      riic  iiiHiinlain  hlopivs  on   this  side,  however,  ar. 
Ill  It  iii'(Lrl\  -.i  .■\T.-iisi\i'ly  ciiliivated  asun  the  north  side.      In  adililii'i 
III  ill,-  ili-:i.hania.::i-ni'  uiil'avonilil.-  ^i.il  anil  insufficient  precipitalicE 
, |iar:iii\riy  link-  fniiiinihl   is  given  i<i  vegetation  on  their  sieej 

On  ihc  P'ad  from  Pmii-c  m  Adjunias.  which  ascends  first  the  gen 
.■ral  .■.uii>c  of  iIk'  Rio  MaL'in-ycs  ami  near  the  summit  crosses  to  th- 
}i<-:iil  wa(c:-S(if  ll\e  Uio  \'..rtU'^ui's.>wv  Uasaii  alnmst  south-north  en'* 
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•Hveling  southwestward  from  Aibonito to  Ponce.  The  topographic 
racteristics  are  identical  with  thase  seen,  however,  on  the  latter 
se.     Four  miles  U)  the  north  of  Ponce  the  elevation  is  but  50  feet. 

way  climbs  for  the  next  3  or  4  miles  through  sloping  foothills  to 
iltitude  of  400  feet.  Thereafter,  in  2  miles  horizontally,  the  ascent 
le  main  ridge  dividing  the  two  rivers  is  to  an  altitude  of  1,720  feet. 
j]\  equal  abruptness  the  main  summit  (see  PI.  IV,  D)  is  reached 
ut  15  miles  from  Ponce,  at  an  altitude  of  2,320  feet, 
.djuntas  is  on  the  northern  slope  and  on  th(»  head  waters  of  the 

Arecibo.  About  it  the  toi)Ographic  characteristics  are  in  all 
leets  similar  to  those  observed  at  Aibonito.  But  a  few  miles  to 
southwest  rises  El  Guilarte;  to  the  north  are  seen  long  radial  spurs 
he  main  sierra,  which  are  separat-ed  at  Utuado  by  the  valley  of  the 
jcibo;  northwestward  another  long  spur  extends  to  and  beyond 
•es  and  San  Sebastian  to  the  western  sea  at  Aguadilla.  This  sepa- 
ls the  head  watc»rs  of  the  various  rivers  which  empty  into  the  nor*ih- 
ocean  l)etween  Arecibo  and  Aguadilla  and  the  drainage  of  the 
s  Culebrina  and  Prieto,  which  flow  into  the  westin*n  sea  at  Agua- 
ft  and  Anasco,  respectively.  The  spur  which  extends  to  the  south- 
t,  and  on  which  are  El  Guilarte,  Las  Sillas  de  Calderon,  Tetas  de 
ro  Gordo,  and  other  prominent  peaks,  separates  the  waters  of  the 
s  Prieto  and  Blanco  from  those  of  the  Rio  Guanajibo. 
•  is  thus  seen  that  the  neighborhood  of  Adjuntas  is,  as  the  name 
lies,  the  dividing  point  of  the  main  sierra,  which  has  extended 
1  unbroken  crest  from  its  easternmost  summit  at  El  Yunque.     At 

point  it  is  separated  into  a  number  of  spurs  of  almost  equal 
minence,  which  reach  the  western  coast  with  several  ramifications, 
most  prominent  of  which  is  necessarily  that  containing  the  group 
lummits  above  named. 

'he  various  trails  leading  westward  from  Adjuntas  toward  Las 
rfas  and  Lares  follow  the  head  waters  of  the  Rio  Blanco  or  Rio 
3to  for  a  short,  distance.  Thence  they  climb  to  altitudes  of  about 
0  feet  at  the  summits  of  the  divide  separating  the  various  drain- 
lines.  These  divides  are  high  A-shaptnl  ridges,  sei)arated  by  great 
laped  canyons  with  relatively  smooth  slopi^s  1,000  feet  in  depth, 
vellcovere<l  with  vegetation.  Everywhere  througlK^ut  this  region, 
the  highest  summits  and  in  the  bottoms  of  the  most  profound 
jes,  are  found  the  habitations  of  the  i)easantry,  who  gain  a  com- 
*able  living  from  the  cultivation  of  cotfee  and  of  fruits  and  vege- 
Les. 

rom  the  summit  abov(»  Lares  (PL  VIL  A),  the  altitude  of  which 
,000  feet  and  which  is  called  La  Torre,  a  magnificent  view  is  had 
he  surrounding  landscape.  To  the  east,  south,  and  southwest  are 
it  masses  of  the  most  rugged  mountain  forms.  In  the  first  direc- 
[  the  high  and  serrated  northward  spurs  of  the  Cordillera  Central 
a  the  horizon  line.    To  the  south  one  looks  across  the  gorge  of  the 
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,Ilio  Blanco,  1,500  feet  in  depth  and  bat  a  mile  distant,  whence 
leye  climbs  a  space  of  bnt  a  few  milea  to  the  highest  fiummits  of 
[Ouilarteand  Las  Sillasde  Calderon.  To  the  north  and  northwest  Um^ 
loountry  rIoj^h  away  to  the  point,  apparently  bnt  a  few  miles  distant, 
■where  the  sea  and  sky  meet  in  a  dull  gray  line.  The  l^pograpbie 
Aspects  in  this  direction  aro  entirely  difTerent  from  anything  heretu- 
|fore  seen.  The  immediate  foreground  slopes  sway  gradually  to  an 
altitnde  of  abont  1,000  feet  in  the  neighborhood  of  Lares,  beyond  which, 
extending  from  the  north  through  80"  toward  the  west,  is  n  lonp 
line  of  sugar-loaf  shapcid  coral  hills  (see  lig.  6).  These  are  but  :;50  to 
350  Feet  in  height,  their  summits  reaching  altitudes  of  about  t,'.?i>' 
feet.  Some  are  covered  with  smooth  green  slopes  and  others  bavp 
Uieir  surfaces  broken  by  steep  bluff  ledges  of  coral.  These  "  Pilon- 
oillos"  or  "Farallones,"  as  the  Spanish -American  culls  them,  have 
[the  guneral  appearance  of  a  great  group  of  conical-shaped  8ibl^' 


ti'iits  i\u'\  ill  tliisloviiiitygii  under  the  general  name  of  "Pepinnliill 
Iliuiigli   similar  t(i[)ojjr(ipliir  featiuTH   in   otlier  pottiousof  the\\i!'l 
In.licaaro  willfd  liy  thi>  Kii^jlish  ".■(..■kpits," 

ni>tw!?e[i  Lai'cs  anil  t>;in  Stlnislian  llic  country  is  gt-nerally  .tiniiJar 
in  lopograpliica.speclslolhi;  region  north  of  Cayey  and  Cagmis  toward 
Sao  .Iiian,  San  .Sebastian  is  at  an  elevation  of  270  feet.  From  it  fall 
away  towaril  (lu'wost  the  gorges  of  the  varrons  rivers  which  druiii 
ihat  slopi',  and  thefi<'  arc  .separated  by  liigh  ridges  having  altilmli'sdf 
lait  -jnOtLKoi)  feel,  risiiit:,  lio«-..vi-r,  t.i  altitudes  of  nearly  I,(iOn  firt 
as  tlicy  approach  llie  oci-aa.  N'orth  of  Aaasco  a  high  and  si'rral''il 
lidgc  maintains  its  bulk  l.i  tin-  very  margin  of  the  »*.^a,  into  wliich  ii 
phnifrcs  with  abrupt  sIojh's.  The  same  is  true  of  the  ridges  wtijfli 
ai)i)riiacli  llio  ocean  ti>  Ihf  uorlli  cif  Aj£uadilla.  and  in  less  degn-c  of 
thos.'  north  and  s.ialli  i.f  >fayafrti(V.  .\(  the  mouths  of  the  principal 
rivers  in  the  uoi^'liborhu-Jil  ..f  AguadiUa,  Anasco,  and  Ilorniigueros 
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Are  extensive  ftUmrlAl  playas  dmiUur  to  thone  already  described,  and 
Itishly  cultivated  in  sagar  cane. 

The  country  traversed  by  the  main  highway  from  Mayaguez  via 
Sctn  Qerman  and  Yauco  to  Ponce  has  already  been  generally  described 
^8  differing  essentially  in  topographic  characteristics  from  any  of  the 
ot^Iier  portions  of  the  island  passed  over.  The  road  skirts  the  south- 
^^^estem  slo|)es  of  the  main  sierra.  Between  it  and  the  sea,  distant  in 
^ome  places  as  much  as  8  to  10  miles,  are  a  series  of  low,  rolling  lime- 
^t^one  hills  tilted  upward  toward  the  interior  and  separated  by  two 
^^tensive  parting  valleys.  The  erosive  action  which  has  produced 
^Ixe  long  valleys  marking  the  junction  line  between  the  foothills  which 
I^^rallel  the  main  mountains  promises,  according  to  Mr.  R.  T.  Hill,  to 
**^duce  these  valleys  to  sea  level  in  the  near  geologic  future,  and  thus 
^^  cut  off  from  Puerto  Rico  a  small  island  inclyiding  the  country  round 
^lx)ut  Cabo  Rojo  and  Lajas. 

From  Mayaguez,  through  Hormigueras  and  San  German,  to  Sabana 
Grande  is  a  great  valley,  through  which  flows  the  Rio  Guanajibo.  It 
^B  this  which  separates  the  main  summits  from  the  rolling  foothills  to 
the  south,  which  are  hereby  dignified  by  the  collective  name  of  Cerro 
Oordo.  Between  Sabana  Grande  and  Yauca  is  a  low  divide  con- 
necting the  Cerro  Gordo  with  the  main  sierra  and  separating  the 
Srreater  valley  from  a  similar  but  smaller  valley,  which  includes  the 
lagoon  of  0uanica  and  extends  from  Gnayanilla  and  Yauco  to  the 
XM>rt  of  Cabo  Rojo.  (PI.  VIII,  A.)  Still  south  of  the  valley  and  sep- 
arating it  from  the  Caribbean  Sea  is  a  second  well-defined  ridge  of 
low  limestone  and  coral  hills. 

CLIMATOLOGY. 

Situated  as  the  island  is,  with  a  middle  latitude  of  alx)ut  18**  16'  N., 
which  is  well  within  the  torrid  zone,  it  is  seen  to  bo  in  the  same 
approximate  latitude  as  the  City  of  Mexico,  the  Hawaiian  Islands,  the 
Sahara  Desert,  and  Bombay,  India.  Because  it  is  the  easternmost  of 
the  Great  Antilles,  however,  its  climate  is  so  tempered  by  the  trade 
winds  as  to  render  it  more  moist  and  salubrious  than  that  of  any  of 
the  regions  named,  with  the  x>ossible  exception  of  the  Hawaiian 
Islands. 

To  the  trade  winds  primarily,  and  to  the  influence  upon  them  of 
the  high  mountain  summits  in  the  interior  of  the  island,  are  to  be 
ascribed  the  moderate  temperature  and  the  peculiar  distribution  of 
precipitation  which  characterize  this  island.  Though  smaller  in  area 
by  1,000  square  miles  than  the  State  of  Connecticut,  its  extremes  are 
subject  to  as  great  difference  in  rainfall,  both  in  amount  and  occur- 
rence, as  are  the  extremes  of  the  United  States.  The  trade  winds 
blow  with  unceasing  regularity  throughout  the  year,  though  not  with 
such  force  as  to  be  disagreeable.  Their  pressure  is  felt  as  wind  move- 
ment bat  a  short  distance  from  the  northern  and  eastern  coasts,  Ji 
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their  iufluenuo  is  exerted  througliout  the  island,  most  perceptibly  tn 
the  oast  and  north  of  the  mountain  auinmits  which  (orro  the  walei- 
shed  between  the  Atlantic  Ocean  and  the  Caribl»ean  Sea.  Tlwit 
Btrent^h  and  persistence  is  witnessed  in  the  shape  of  the  Ire^s  on  lli« 
north  oi-  windward  coast  (see  PI.  V,  B),  where  the  trees  are  beul 
south  westward  or  away  from  the  prevailing  winds  much  as  tlioee  nn 
the  southern  coahI  of  California  bend  eastward  or  landward  away  [rom 
thi>  prevailinj^  PiK'ific'  winds. 

Heavily  moisture  laden  from  the  warm  ocean,  the  trade  winds  pr«« 
against  the  mountains,  which  quickly  condc^nse  the  mnisture  they  bear, 
and  heavy  showers  of  sudden  occurrence  bnt  short  duration  result 
Southward  and  westwaw!  the  same  winds  continue  to  cause  even  mon* 
abundant  precipitation  at  the  sierra  summits  near  the  oenterof  thi- 
island.  Crossing  these  tlie  winds  are  suddenly  freed  aud  expainl, 
and  Ixiing  thus  ^veu  power  to  carry  in  suspension  a  hwger  amouoi 
of  moisture,  tliey  let  fall  but  little  rain  over  the  soutiieni  and  western 
slopes. 

PRECIPITATION, 

,    The  above  conditions  arc  clearly  recorded  in  such  meteorologie  Haia 
Ashus  been  collected  by  Prof.  Mark  W .  Harrington,  of  the  United  Slate?    i 
Weather  Bureau,  from  existiun;  Spanish  records.     According  to  a  hul-  J 
letin  issued  by  the  Weather  Ilureau,  records  for  a  period  of  twelm  I 
years  sliow  the  average  annual  precipitation  in  San  Juun  to  be  ^9.5  1 
inches.     This  isfairlywell  distributed  throughout  the  year,  the  great-    { 
est  inontlilyiiiean  (7.(i2inchen)  occnrriiiff  in  Koveinbcr,  but  that  amount 
is  closi^ly  jipproiiclicd  during'  the  entire  rainy  st'ason  fri)ni  April  t<> 
\ovciiil)rj-,  inclusive.       l>uriny    the    rcmaiiider  of    the    yoar,   in  the 
sii-callfd  dry  seiison,  the  iiienii  nuuillily  precipitation  falls  to  a  mini- 
uunn  of  l.S  iuclu's  in  l''('l)ruary.     'J'ho  persistence  <if  I'liinfall  throuirli- 
ontth«-y,'aris.Htill  furtluT  ac(-i-utuate<l  by  Ihe  fact  that  the  Ica.st  [in- 
cipitation  reconled  at  San  Juan  in  any  mouth  was  0.;i  of  an  iuoh  in 
-March  of  one  year,  while  the  yi-catest  was  17.1   inches  in  August  of 
auotlier  year. 

Wliili'  these  figures  give  an  indication  of  the  range  of  precipitation 
ill  the  neifjhhrirhood  of  San  .luan  and  near  the  north  coast,  they  form 
no  critt-rioii  lor  the  ii'lativc  aniounts  failing  elsewheiv  on  the  islaml. 
Keconis  of  .ihM-rvalious  madt-  by  Cnpt.  Arthur  C.  Hausanl  at  Hari- 
<'nd;i  I'eria,  iiulilislicd  by  the  Weather  Mureau,  indicate  quite  diiTiT- 
cnl  f(inditiiitis  tiiiTi-.  Tliis  pliicc  is  situated  on  the  northeast  coiiM. 
only  about  L'U  iiiilfs  fast  <if  San  .luaii,  and  about  iJ  miles  from  iti.- 
sea,  at  an  elevation  of  4tin  feet.  The  rrrords  show  an  average  ainiii:il 
].ri-(-ipilalion  of  l-':!.4  inches  during  the  Iwo  years  IS! W  to  ISJiM,  tin- 
niaxiiniini,  ]'M''.2  inc'lics,  oecui-riui,'  in  ISUT.  The  distribution  of  rain- 
fall was  similar  to  lliat  at  San  ,Inau,  the  iiiiuiinuni  inonthty  preei])itit- 
tion  being  l'.."p  inches  in  Febniary  aud  the  maximum  3-2. 'J  inches  in 
Mtii.      During  this  period  Uie  v;n'A\>^!>t  itunsecutivo  tweuty- four-hour 
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v^Dfall  was  8.4  inches  in  Angost.    In  this  period  there  averaged 
'two  hundred  and  fifty  days  a  year  in  which  over  one-hundredth  of 
an  inch  fell.    The  great  diiterences  in  precipitation  between  two  places 
BO  close  together  is  partly  accounted  for  by  the  fact  that  Hacienda 
Perla  lies  nnder  the  northern  slope  of  El  Yunque,  the  highest  moun- 
tain on  the  island,  and  it  feels  therefore  more  strongly  the  effect  of 
the  compression  of  the  trade  winds  than  does  San  .Juan,  which  is 
situated  on  the  coast,  and  behind  which  the  mountains  rise  more 
Signally  and  at  a  considerably  greater  distance  to  less  altitudes  than 
those  behind  Hacienda  Perla.    As  shown  by  the  accompanying  pro- 
files (figs.  1,  2,  and  3),  the  highest  summits  back  of  San  Juan,  at  the 
beadwaters  of  the  Rios  Plata  and  Loiza,  reach  altitudes  of  2,700 
feet  in  a  horizontal  distance  of  30  miles. 

Back  of  Hacienda  Perla  an  altitude  of  over  3,700  feet  is  attained  in 
less  than  3  miles  horizontally.  Farther  inland  to  the  south  and  west 
of  San  Juan,  under  the  summits  of  the  main  sierra  in  the  neighbor- 
liood  of  Cayey,  Aibonito,  Barros,  and  Adjuntas,  the  precipitation  is 
^considerably  greater  than  at  San  Juan,  though  not  nearly  so  great  as 
*t  Hacienda  Perla.  This  is  because  these  points  are  at  a  much  higher 
olevation  and  are  nearer  the  mountain  crests  than  is  the  capital  city, 
^Hd  feel  more  directly  their  effect  upon  the  trade  winds. 

Apparently  great  as  are  these  extremes  of  precipitation,  they  are 
atkiall  as  oompured  with  those  l>etween  points  on  the  south  and  north 
^^Oasts.  According  to  data  gleaned  from  Spanish  records,  it  appears 
*J^at  the  average  annual  precipitation  on  the  southern  slope  of  Puerto 
-^ico  is  but  20  inches,  against  55  to  123  inches  on  the  northern  slopes, 
^^kis  amount,  however,  is  most  irregularly  distributed.  There  is  said 
^^  be  an  authentic  record  at  Guayama,  immediately  south  of  San 
^^an,  of  thirteen  months,  chiefly  in  the  year  1893,  when  not  an  inch 
^f  rainfall  was  recorded.  The  records  at  Cabo  Rojo  show  one  period  of 
three  years  in  which  no  rain  fell. 

Such  great  changes  in  precipitation,  as  well  as  in  geologic  forma- 
tion and  soil  composition,  result  in  great  differences  in  the  flora  of 
the  two  coasts.  Puerto  Rico  may  be  sjiid  to  have  a  humid  as  well  as 
an  arid  side.  This  is  evidenced  not  only  by  the  perpetual  muddiness 
of  the  roads  on  the  north  slope  as  compared  with  their  dry  and  dusty 
surfaces  on  the  south,  but  especially  by  the  vegetation  and  the  regi- 
men of  the  rivers. 

On  the  north,  nearer  the  mountain  summits,  the  flora  is  always 
bright  and  verdant  and^of  true  tropical  luxuriance  (see  PI.  IV,  -4),  and 
the  rivers  carry  large  volumes  of  water.  In  the  south,  especially  near 
the  sonthwestern  extremity  of  the  island,  the  trees  are  dwarfed  hard- 
woods; cacti,  century  plants,  and  acacias  abound,  and  the  vegetal  as 
well  as  the  topographic  characteristics  are  similar  to  those  of  the  semi- 
arid  Sonthweat  of  the  United  States.  (See  PI.  VIII,  B.)  The  river 
beds,  moreover,  are  almost  dry  and  are  full  of  rocks  and  bowlders. 
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These  two  salient  facts,  the  diversity  of  climate  and  of  soil 
[nsitioQ,  must  bo  kept  prominently  iu  mind  in  any  consideration  at 
Igncalttiral  or  water  resouriies  tif  of  highway  construction  Thej 
bake  it  clearly  evident  that  any  generalizations  on  these  subjects  lot 
Sie  whole  island  are  valueless,  and,  atnall  as  is  the  area,  each  particolir  i 
locality  must  be  considored  by  itself  in  discussing  the  developmentt 
ite  products.  It  is  scarcely  neces8ar>'  to  add  that  while  irrigationi 
Itot  practiced  on  the  northern  side  of  Puerto  Rico,  all  the  wealth  ( 
nigai'  produced  on  the  seuiihiimid  side  is  dependent  for  its  successfai 
mltivation  on  water  supplied  by  irrigation. 

TEMPERATURE. 

The  temperature  is  very  evenly  distribiit«<l  in  height  and  range,  and 
Ib  in  marked  contract  to  the  variations  in  prvcipitutiou.  It  need  cot 
t>e  discussed  in  detail,  us  it  has  little  bearing  upon  problems  oonnec1«] 
with  the  agricultural  resources,  the  development  uf  iri'igation,  or  ttw 
stnsti-uction  of  highways.  It  is  chiefly  interesting  because  of  its  uni- 
Tormity  and  the  resulting  heatthfuluesH  of  the  climate.  The  higbvct 
i-ecorded  temperature  was  that  of  100.8°  F.,  in  the  month  of  May.  and 
the  lowest  but  56.1°,  in  the  month  of  December,  Rarely,  indeed,  li« 
i  temperature  lower  than  57°  been  recorded,  and  as  rarely  one  ahmt 
il".  The  average  annual  teraperatui-e  recorded  in  San  Juan  doring 
twelve  years  was  78.1°,  the  lowest  mean  monthly  temperature  Ixting 
7i.7"  in  February  of  one  year  and  the  highest  mean  monthly  tern-  ' 
perature  SI.1°  in  June  of  another  year,  a  range  of  but  6.4°  in  extreme  ' 
mean  monthly  lcin|n'riilui'<'s. 

At  lliii'ifiiilii  PitIji  till-  avcniiri'  anaiuU  tiMniwratuiv  is  7IJ.!^'\  or imt 
1°  lower  IJianal.Sjiu.r nan.  Al  tin- ^alll.■  plac.' tlif  iaa\iniiiin  rconnlfa, 
93",  islow.-rby.".  ,  an.l  llie  laiiiiiuuin  is  hitrln-r,  ur.  ElscwhtMv  iiitli.- 
mountains  Ihc  ranjje  of  teTiipfnilnrc  isiibont  ihi-  same.  I  Hi  ihusoulb 
co!i»t,  as  in  tlie  sierras,  iJien-  are  nci  aullii'iitit;  records,  ixit  ih.Ti' 
appears  to  be  gruat  uniformity  of  t-cmiii-ralure  (ivt-rywhciv  i>ti  Xb- 
island. 

HYDROGRAPHY, 

In  spiti'  iH'  till'  sniallni'ss  nf  the  islaTnl.  and  the  conscrjuent  slmr 
lonyth  of  Lis  rivfis  and  rostri.-l.;.!  ar.-as  of  their  eatchrti-'nt  hasLu>,  it 
is  unusually  wfU  watered,  bi'i'aiiseol'  the  rom[jarative  liiiuiidity  nf  dir 
elimaie.  .Moreuver,  l.e<'ause  of  llie  stei'jiiiess  of  the  slopes,  ,->|.eeial;y 
on  lln'  norllieiii  eoasi,  iind  the  iniiK'i'vious  eliaraeter  of  the  clay  snU 
wliieh  covers  thciii,  the  pnitiortion  of  prcei]iitiiti(.n  which  rniL-;  erl 
makes  these  riveis  »\  even  lar|;cr  volume  than  would  otherwise  !"■ 
e\pecte<!  under  ei)rrcsp.iiidin,i,'  eimditions.  Into  liu-  northern  iMvaii 
flow  12stivaMis(ifeotisideral>kMiiay;idtiide:  toward  the  west  ooiistflott  4 
of  relatively  ei|iial  si/.e:  into  the  casteiii  sea  (low  ."i  .if  less  magnitiui''. 
and  into  the  snnlherti  sea  flow  17  of  considcralile  size  luit  coLiiiwr.e 
lively  small  perennial  vu\ame.     \n  ■,vvW\\\ii\\.  lUere  art-  between  1,:V'' 
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id  1,300  BtreaniB  and  branehes  of  less  volume,  but  yet  of  sufficient 
le  to  bear  separate  names. 

Since  the  average  width  of  tiie  island  is  but  35  miles  and  its  extreme 
agihbut  105  miles,  while  its  commanding  summits  range  in  altitude 
om  8,800  to  3,750  feet,  it  is  evident  that  the  slopes  are  steep,  the  fall 
■.  the  rivens  great,  and  the  velocity  of  their  waters  high.  Moreover, 
I  tlie  main  summits  of  the  dividing  mountain  ranges  have  been  shown 
»  lie  one-third  nearer  the  southern  and  eastern  coasts  than  the 
orihem  and  western,  it  is  also  evident  that  such  streams  as  flow  to 
le  north  and  west  are  three  or  four  times  as  long  and  drain  ten  to 
fteen  times  as  great  areas  as  those  flowing  to  the  south  and  east.  The 
»rmer  have  average  lengths  of  25  to  40  miles,  measured  along  their 
tream  beds;  the  latter  have  lengths  of  but  5  to  15  miles.  For  these 
nd  the  reasons  already  given  the  streams  flowing  north  and  west 
lecessarily  have  less  abrupt  slopes  than  do  those  which  drain  east- 
raid  and  southward,  which  plunge  from  an  altitude  of  3,000  feet  to 
ea  level  within  a  comparatively  few  miles. 

It  is  thus  seen  that  as  the  island  is  divided  climatologically  into  two 
listinct  portions,  it  is  similarly  divided  hydrographically,  largely  as  a 
eault  of  the  same  causes — ^the  trade  winds  and  the  topographic  con- 
tgmmtion  of  tiie  aarf aoe. 

Of  the  twenty-eight  larg^  rivers  above  enumerated,  each  has  its 
Oiurce  iigk  among  the  summits  of  the  Cordillera  Central.  Those  flow- 
Qg  to  the  north  and  west  Hre  characterized  by  precipitate  descents 
f  1,000  to  2,000  feet  in  the  first  5  miles  of  their  head  waters.  There- 
,fter  they  flow  more  leisurely  and  with  consequent  increased  size  to 
rithin  5  miles  of  the  coast.  There  they  emerge  practically  at  sea 
svel  in  long,  meandering  curves  tlirough  the  alluvial  playas  about 
heir  mouths.  Because  of  the  lownees  of  their  grades  near  the  coast 
jid  their  resulting  low  velocity,  all  are  of  considerable  width  and 
noderate  depth  in  the  playa  levels.  A  few  miles  inland,  where  they 
low  over  steep,  rocky  beds,  their  channels  are  narrow  and  often  con- 
Ined  by  precipitous  rocky  walls,  their  width  is  of  but  comparatively 
ew  feet,  their  depth  often  less  than  a  foot,  and  their  velocities  so 
dgh  as  to  render  them  veritable  mountain  torrents  (see  PI.  II,  C). 

On  the  southern  coast  the  larger  rivers  have  bed  widths  as  great  as 
hose  entering  the  northern  and  western  coast.  Their  lengths,  how- . 
iver,  are  so  short  for  the  same  fall  that  they  are  not  characterized  by 
he  long  stretches  of  low,  meandering  grade  found  near  the  coast  in 
he  playas  to  the  north.  They  emerge,  on  the  contrary,  from  the  moun- 
ains  at  but  3  to  5  miles  from  shore  line  at  altitudes  of  200  to  400  feet, 
md  as  a  result  this  elevation  is  passed  with  comparatively  steep 
lopes  over  rocky  or  bowlder-strewn  channels.  Above  these  coastal 
tretcfaes  and  within  the  mountains  the  lengUis  of  the  rivers  are  so 
liort  for  the  relatively  great  heights  which  they  fall  that  their  dimen- 
ions  are  little  greater  than  those  of  the  smallest  brooks  which  flow 
Tom  the  hill  summits  in  the  Bookv  Mountains. 
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Th«  riv^nof  llie  uortli  and  uf  thowpst  are  mori!  like  the 
humid  rf^utut  iu  tlie  I'nited  Stat«6,  as  lh«ir  purenoUl 
alwuyn  fiiirly  w«ll  niaiatained.  The  larger  of  tbean  rivers  femraJ 
low-wat^r  Htngv  ImhI  widths  of  1  SO  to  SIX)  feet,  avera^  depths  nf 
feet,  «nd  minimum  dischargi^s  of  SSfl  to  1,5(I0  fiecoiid-rt^t.  (See  PI 
VIII,  (.'.)  Id  time  of  flood,  alttioiigh  t)ic«<?  riven  nltAin  maximflm  dis- 
charges of  10,000  In  ^,000  aeooud-foet.  lh«w  volumes  are  uot  gniail)' 
in  excess  of  the  flood  dieeliarguK  of  the  rivers  of  the  southern  Blofii', 

The  width  of  stream  bed  of  the  southern  rivers  is  often  as  greul  u 
that  of  those  entering  the  northern  coast,  but  owing  to  the  infrequewj 
and  small  amount  of  the  precipitation  and  the  relatively  porous  cliu 
acter  of  the  soil  reducing  the  percentage  of  run-off,  att  well  as  to 
Btnallnessof  their  cAtchment  basins,  they  discharge  minimum  volaiM 
of  but  SO  to  100  second-feet.  These  streams  resemhle  the  rivers  sC 
our  Western  plains  in  that  their  beds  are  nearly  dry  the  lar^r  partoC 
the  year  (see  PI.  ViU,  7>),  but  are  yet  of  sofficient  capacity  In  dil- 
charge  great  volumes  during  the  sudden  floods  to  which  theyaro  snth 
ject.  The  beds  of  these  rivers,  even  near  the  coast,  are  bowlder 
strewn  and  are  fi-om  100  to  300  feet  in  width.  The  depth  of  their  basis 
is  10  to  20  feet,  yet  the  minimum  surface  widths  of  such  streanui^ 
but  50  to  100  feet  and  their  average  depth  one-half  to  1}  feet  durinl 
their  minimum  discharge.  In  maximum  flood  such  streams  reach  d'a 
charges  aggregating  o/)00  to  10.000  second-feet,  in  some  esses  uvea 
more,  as  sliowu  by  their  wide,  rocky,  dry  beds. 

To  convey  a  clearer  idea  of  the  size  and  regimen  of  the  ri^"eRnf 
I'ucrtoKicii.  th.-in[(i>wiji^'  ji'miIis  •>!'  i-.mj:Ii  ya^'in^-s  .if  such  stt>-;iiii>  *> 
w.-iv  examiiifi!  in  tin-  iir.-liminaiy  ic<',.iinai>saiir.-  of  ilu-  islan.l  ;irf 
given.  As  tli.'srslrwims  wm- i.hs.Tv.il  in  tli,-  riii.i. II.- . if  llu- .Irv -..;;■ 
son  their  .iis.-liartri'S  nijiy  !»■  takon  as  >^ hewing'  tliv  av.M-age  uiiiiimiiiii 
v->linm-s«]ii<-li  thi'y<-arry. 

'I1ic  Kill  I.<iLza,  pniLalilx-  tli.-  larsicsl,  on  tlie  island,  was  gji^---.]  (M-.ir 
Canilina,  aliout  IT.  riiilvs  fast  of  S;iii  Juan.  Its  surface  widlli  ";(.■.';■ 
f.'.-r,  its  avenijr.-  dfptli  :)  f.-cl,  anil   its  niinimuni  discharf;.-   l,(i("i  sr- 

OtLl-fc't.       (S-I-PI.   VIII.  ('.) 

Till-  Ri.i  faiiovanas,  alxivc  its  jtinction  with  tlic  I.uiza,  r,  ,iiil,-M;i-t 
..f  C'an.lina.  lias  a  bed  widtli  of  tin  IVet.  average  deptli  l'  f.-,-i,  avmc- 
vt-l(jcily  nhoin  5  fed  per  m-coikI,  and  discharfje  i;n(i  sc.i.n.i-firi 
(See  PI.  II,  C.)  Tiiis  ani.iunt  is  ti.beadded  to  the  .ii.seliar^'e  eft!:'' 
I.iiiKJL  to  give  the  volume  of  the  latter  al  its  nioiitli. 

At  faunas,  about  i'(i  mile?-  by  road  soiilli  i.f  San  .loan,  and  L':i'>  iV- 
above  s. -a  level,  the  Hii.  Cagiiitas,  one  >•{  llie  priiieipal  l>raneli.A"i 
the  T..)i/.a,  Hows  in  lon-r,  i.ieaiideriii;;  .-Lirves  tlinmgh  a  level  alluvwl 
valley,  and  eari'iesa  initiimiirii  volume  r.f  abi.nt  -M)  si-eon<l-feet.  .\W\\ 
miles  beyond,  iind  in  the  same  valley,  tli.'  liioTurabo,  jinolln-r  lir;imb 
of  the  l.oiza,  is  of  siniilai'  eliarael.-r  an<l  dis<-liaTges  an  equal  vohiim-. 

7'/ie  J£io  Carite,  at  llie  ev.tssiivi;  of  llie  military  road,  ;.!ti  miles  t>"m 
Huii  JuHU,  and  iti  the  \  egivs  m- v>V.\\u  vA  ^^-a-jv^-;;  ,\iis.*,  a.ix  e.l«jvaliuu  oi 
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N)ut  1,180  feet  above  sea  leveL  This  is  a  branch  of  the  Rio  Plata, 
id  its  discharge  at  this  point  is  about  the  same  as  those  of  the  two 
Bt-mentioned  streams,  namely,  50  second-feet,  though  because  of 
s  greater  altitude,  and  consequently  greater  slope,  the  cross  section 
!itis  channel  is  smaller. 

The  Rio  Plata,  at  a  point  4  miles  northwest  of  Cayey,  at  an  alti- 
ide  of  810  feet,  has  a  bed  width  of  about  100  feet,  a  depth  of  1^  feet 
ad  a  discharge  of  230  second-feet. 

South  of  the  main  divide  at  Aibonito,  the  Rio  Calabasas,  4  miles 
I8t  of  its  junction  with  the  Rio  Coamo  at  Coamo  and  at  an  elevation 
1 480  feet,  has  a  velocity  of  3  feet  per  second  and  a  discharge  of  but 
J  second-feet. 

The  Rio  Coamo,  at  the  city  of  that  name,  and  at  360  feet  above  sea 
i?6l,  has  a  bed  width  of  100  feet,  though  it«  surface  width  is  some- 
hat  less.  Its  depth  is  but  4  inches  and  its  discharge  100  second-feet. 
The  Rio  Descalabrado,  halfway  between  Coamo  and  Jiiana  Diaz,  at 
» elevation  of  260  feet,  has  a  comparatively  dry  bed  of  120  feet  width. 
I  velocity  is  but  2  feet  per  second  and  its  discharge  40  second-feet. 
de  PL  IX,  A.) 

Vbe  Rio  Jacaguas  at  Juana  Diaz,  elevation  160  feet,  has  a  bed  width 
180  feet,  a  minimum  surfiMse  width  of  50  feet,  and  a  discharge  of 
aeoond-feet.    (See  PI.  Ill,  B.) 

the  Rio  Portugues  at  Ponoe  has  a  bed  width  of  175  feet,  yet  its 
Dimum  dischai^e  is  but  60  second-feet.  (See  PL  VIII,  D.)  Its 
iftl  available  discharge  is  considerably  greater  than  this,  but  the 
Kiainder  of  its  volume  is  diverted  a  few  miles  above  for  irrigation 
cLfor  the  water  supply  of  Ponce.  The  same  is  in  a  measure  true  of 
)  Rio  Jacaguas,  a  portion  of  the  discharge  of  which  is  utilized  for 
igation  above  the  military  road. 

Fhe  Rio  Magueyes,  at  the  crossing  of  the  road  from  Ponce  to  Adjun- 
1, 5  miles  north  of  Ponce,  elevation  400  feet,  has  a  minimum  discharge 
35  second-feet. 

The  Rio  Portugues,  at  the  crossing  of  the  above-named  road,  near 
t  headwaters,  9  miles  north  of  Ponce,  elevation  1,000  feet,  has  a  mini- 
am  discharge  of  25  second-feet. 

The  Rio  Arecibo,  near  its  headwaters,  at  Adjuntas,  altitude  1,440 
Bt,  has  a  minimum  discharge  of  40  second-feet.  A  few  miles  lower 
►wn,  at  Utuado,  its  discharge  is  100  second-feet.  This  river,  like 
«  others  described,  discharges  relatively  increased  volumes  in  its 
*^er  reaches  near  the  coast. 

The  Rio  Yahueca,  one  of  the  headwaters  of  the  Rios  Blanco  and 
^tro,  or,  as  they  are  called  near  the  coast,  the  Rio  Aiiasco,  has,  at 
Qlevatiou  of  1,440  feet,  about  5  miles  west  of  Adjuntas,  a  minimum 
Kiharge  of  20  second-feet. 

riie  Rio  Blanco,  into  which  the  Rio  Yahueca  discharges,  at  an  ele- 
bion  of  1,360  feet,  about  8  miles  west  of  Adjuntas,  has  a  minimum 
L^une  of  about  50  seoond-feet. 


•ATER   BESOUaCES  OK    PUEttTO    Bli 

The  Rio  CiilcbHiiM,  ndnr  th<>  middle  of  its  course  at  San  SebasUu, 
elevation  l-^i  foit,  bos  a  bed  width  of  V25  f<>et,  a  oonsid«mbir|Mt 
surfttcw  width,  a  velocity  of  4  feet  per  eeoond,  aud  a  lulniniUi  dli- 
charffo  of  mo  second-feet. 

Tho  Kill  Afiasfu.  halfway  between  San  Sebnslian  and  AfiasoD,  sit 
point  about  8  milus  f  mm  the  latter  city,  has,  at  an  f-levatioa  of  80f«ct, 
a  l)ed  width  of  160  fpot,  a  surface  width  of  75  feet,  a  depth  of  IJ  (ert, 
and  a  discharge  of  nearly  COO  second-feet.  (See  I'l.  IX,  B.}  Tto 
same  river  l»elow  the  city  of  Ailaac-o  flown  through  a  level  plays  iod 
has  an  eaay,  meandering  course,  ita  grade  being  mt  low  ue  to  render 
its  velocity  very  slow.  Ita  snrface  width  is  heitt  about  2O0  foet,  iu 
.depth  4  to  8  feet,  and  its  dischai^  aixtnt  I^IMH^  Hfivmd-feot. 

I  IRRIGATION. 

It  is  evident  that  all  the  crops  which  the  soil  will  prodooo  can  be 
grown  over  three-fourths  of  the  extent  of  the  island  with  theaiJ"[ 
the   abundant  rainfall  alone.     The   other  one-fourth,  including  sB 
the  r^ion  near  the  coast  and  from  Caho  Rojo  on  the  extreme  *itl 
to  beyond  Guayama  on  the  east,  must  be  irrigated  if  the  &oil  i*  w 
produce  the  full  measure  of  <Tops  of  which  it  is  capable.     ThetoUl 
area  of  these  irrigable  lands  is,  however,  relatively  small.     A  porting 
of   this  one-fourth,  or,  in  round  nnmbers,  of   the  SOO  arid  ^nan 
miles,  in  included  within  tho  .steepest  portions  of  the  .southern 
tain  slopes.     Another  portion  consists  of  the  rngged  fimthiUs  wlM^fl 
as   they  rise    in   detached   siimiriTts,  it   is   impossible    to  reach  *■■ 
a  t-TVivily  wnli-r  Mipply.     Slili  iiDi.nLi.T  pnriiuri  uf  tliis  iirca.  fonaistsW  I 
111.'  itliuviiil  ]il;i.Mi,s,  w)iii'li  prtRluci'  fairly  iilnindant  «tu]w  with  thaiU  I 
of  tln'  iimistiiri'wiiir'h  lliey  drawl hruufih  their  root.t  from  ii  soilwliiet 
i.s  1ml,  ii  fi-w  I'r.'l  iiliiiv.'  I  111'  U'vfl  <if  the  sea.     Of  the  450  square  mils 
iiicliidi'il  rtilliiii  Hie  sdiillieni   back-coast  Imrfler,  perhaps  150c<MiW< 
ol"  pljiwi  IjiihIm  Mliicli  rn-i-d    lint  !](.■  irrigated,  and  300  more  conslstof 
(li-l;ii'l.."l   ;ind  iiijicc.'^sil.li-  liills  iiud  of  the  precipitous  slopes  of  the 
sirna.     'I'liei-i'  rniiiiiii,    iifciivdiiij^ly,   perhaps  a  total   iif    ],50  squK* 
miles  Hliirli  wniilil  aild  li.  llic  ji'jT'icuilunil  resourci's  uf  (he  island  if 
«rlili<.t;illy  pn.vidcd  \s  ilh  wal.-r, 

Tiir  soil  on  Ihi-sr  lunds  is  in  rvcry  i-ase  of  the  very  l>est  kind  for 
tlj,'i-i<'ulltnv  Willi  iiripil  imi.  Ii  K  iiMi;illy  an  open,  porous,  liraestWie 
soil  of  .sairdy  and  ■.'■i-iiv.-ll\  ir\liij.',  oiivrd  wilh  a  little  earthy  loam. 
I!,  iw  fairly d''"p  imd  is  iiniliM];iiii  In  ;t  ]ini'ou»  limestone  orcoral.  wliifh 
alToi'ds  111"  besl  drnirini,'!'  and  iiruli!ilily  renders  it  safe  from  Ihc  ihm- 
gei-iil'  iiroiliicinj;;ilk;ili.  .'Mncli  ol"  it.  is  already  under  cultivali.mm 
iimizr.  )ti-itiis,  [>i-usi\  iiii'l  "Di'-rh'iilUs  in  Ihrsoutliwcsteni  exlremitvcf 
the  island,  and  small  ve^rHal.lis  and  fruits  elsewhere. 

While  the  [ireei]Mlaliiin    i.s    iiLsnlii<'i<-nt,  the  itcrennial   flow  of  ihf 

iiiiiiiimiin  disL-liaryeMit  \hv-.-  ^u■v■;^lns  wiiei-e  Ihey  wmiiil  be  iliverH'.i  in 
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3  foothills  are  moderate  in  amount  and  yet  nearly  sufficient  for  the 
igation  of  such  areas  as  they  command.  Moreover,  the  flood  dis- 
arges  of  these  streams  occur  at  frequent  intervals  throughout  the 
ar,  but  are  especially  well  distributed  throughout  the  summer  or 
Lny  season.  They  afford  an  abundant  surplus  for  storage.  The 
apes  of  the  smaller  x>arting  valleys  and  of  the  lower  canyons  through 
lich  the  rivers  emerge  from  the  mountains  give  every  indication 
at  abundant  opportunities  will  be  found,  on  fuller  investigation,  for 
€  construction  of  storage  reservoirs  at  moderate  expense  and  at  rela- 
erely  small  cost. 

The  Sx>aniards,  who  in  the  past  have  been  the  principal  landholders, 
*e  thoroughly  familiar  with  the  requirements  and  processes  of  irriga- 
onas  practiced  in  Spain.  Quick  to  appreciate  the  advantages  of 
le  artificial  application  of  water,  they  have  already  constructed 
amerous  ditches  of  moderate  sizes,  and  much  of  the  more  valuable 
igar  land,  especially  between  Guayama  and  Ponce,  is  cultivated 
:clusively  by  the  aid  of  irrigation.  Much  as  has  been  done  already 
this  direction,  there  is  still  room  for  further  development.  But  a 
ftion  of  the  available  water  supply  has  been  appropriated,  and 
it  a  small  portion  of  irrigable  lands  are  artificially  supplied  with 
rter. 

Such  irorks  as  were  noted  correspond  in  general  type  to  those  seen 
Mexico,  but  because  of  the  greater  influence  of  European  ideas  in 
is  island,  their  construction  is  of  a  more  substantial  character,  and 
ore  nearly  approaches  that  prevalent  in  Spain  and  Italy.  The 
version  works  are  in  every  instance  of  the  crudest  kind,  simple 
ing  dams  of  rock  and  bowlders  thrown  out  into  the  beds  of  the 
reams  to  dii'ect  a  portion  of  the  waters  into  the  heads  of  the  ditches, 
hese  are  necessarily  carried  away  by  each  flood,  requiring  to  be 
miediatel}'  replaced.  On  the  other  hand,  the  headworks,  falls, 
gulating  gates,  and  other  dividers  are  constructed  in  the  most  sub- 
ftntial  manner  of  massive  masonry. 

In  strong  contrast  to  this  tjrpe  of  construction  are  the  minor  dis- 
[butaries  observed  in  some  of  the  cane  fields.  Tliese  were  built  by 
mers  who  had  great  grinding  and  boiling  machinery  for  the  treatment 
their  cane,  and  were  imbued  to  a  certain  extent  with  American 
ethods.  They  out-Americanized  our  Western  irrigatoi^s.  Their 
stributaries  consist  of  a  series  of  temporary  trestles  and  shallow 
3oden  troughs  or  guttera  made  of  lumber  brought  from  America. 
Iiese  tap  the  hillside  ditches  at  such  points  as  seem  desirable,  and 
e  roughly  placed  so  as  to  carry  the  water  to  such  portions  of  the 
»ld  as  immediately  require  it.  After  irrigation  in  such  localities 
e  trestles  and  troughs  are  removed  and  utilized  in  irrigating  other 
irtions  of  the  same  fields.  This  practice  is  resorted  to  in  order  to 
aoh  the  numerous  little  detached  rolling  hills  10  to  20  feet  in  maxi- 
om  height,  into  which  the  surface  of  the  sugar  lands  is  broken.    In 
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lands  are  irrigated  by 
laterals  doi;  in  the   earth 
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es  down  an  iacline  at  an  angle  of  abont  45°  to  a  depth  of  about  d  feet 
)w  the  level  of  the  ditch  bank,  and  in  carrie<l  thence  niider  the 
3  in  a  rectangular  masonry  conduit.  Near  the  entranei?  to  this 
te  is  a  little  masonry  meaBuring  box  ;J  iucht'H  in  deptli,  from 
eh  water  flows  throiish  a  lip  in  the  top  of  the  conduit.  Tho  walls 
:he  main  conduit  are  a  foot  in  thickness,  and  at  their  exit  on  the 
erside  are  buttressed  by  square  blocks  18  inrhos  in  cross  section. 
Jiese  are  grooves  for  inserting  llashboards,  by  whicli  tho  amount 
rater  passed  into  the  canal  beyond  can  l>e  measured   as  over  a 


JS!^^E2 


F[<i.  7,-Miw.mr;-  .-ii.luit  «ml  n'talniOK  wall;  lonnltiiditml  nwl  trmi^viT-i'  -,..;ti-,ii4. 

r,  while  at  tlie  same  time  the  supply  is  regulated.  (See  PI.  IX, 
Below  tliis  a  lateral  is  diverted  througli  gates  ideutical  in  type, 
fear  this  place  was  seen  a  rough  wing  dam  of  rock,  which  diverts 
bream  into  a  substantial  masonry  conduit  (see  PI.  IX,  D),  whence 
9  led  along  the  banks  of  the  river  through  »  circular  masonry 
e  30  inches  in  diameter  and  10  inches  thick  (see  fig,  7),  in  many 
ees  close  to  the  river  bank.     To  protect  it  from  the  erosive  aotiou 
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of  floods,  the  conduit  is  supported  on  a  hea\-j'  retaining:  «aU  i'' 
masonry  until  at  some  dislAnnu  a  sufiicient  grade  is  attain;^  to 
carry  it  away  from  the  banks  of  the  stream.     (See  PI.  X,  A.) 

AGRICULTURAL  LANDS  AND  SOIX.. 

The  parting  valleys,  and  especlaUy  the  playa  pUinn,  ar?  often  'juitv 
extensive,  and  constitnte  the  chief  portion  of  the  more  valuable  supu 
and  grass  lands  which  border  the  entire  ooast.  The  lai^r  of  these  («,'"- 
cultural  plains  are  to  the  eantward  of  San  Juan  as  far  as  LuquiUa.wnl 
include  wide  indentations  which  extend  up  the  valley  of  the  Rio  Uii* 
There  are  smaller  playas  lietween  Fajardo  and  Humacoa  and  hetweoi 
Gnayama  and  Ponee.  {See  PI.  X,  C)  West  of  San  Juan  the  piajn! 
are  not  BO  extensive  until  beyond  the  mouth  of  Rio  Cibua,  betwMn 
which  and  Areeibo  are  eoiue  large  areas  of  playa  land.  Theiiiv  wiW- 
ward  there  is  no  coast  border  of  any  moment  until  Aguadilln  is 
reaehedjbutthere,  aswell  as  at  AHasco,  are  two  fairly  extensive pliiy.w. 
The  remaining  sugar  lauds  are  those  in  the  larger  parting  vallcvv 
some  of  which  arc  of  great  extent.  Those  between  Yauoo,  Sabftiia 
Grande,  and  Hormigueros  are  the  largest,  bnt  some  of  the  others  o'tc 
Iain  1,000  to  5,000  acres  each. 

In  addition  to  the  cultivable  areas  which  may  be  added  by  irri^ 
tion,  much  waste  swamp  land  may  be  reclaimed  by  drainage.  Thi* 
in  especially  true  of  the  playa  lands  about  the  coast  lagoons  andol 
some  of  the  swampy  valley  lands  near  the  head  waters  of  thi'Bi"  1 
Loiza  and  Rio  Plata,  which  are  now  chiefly  covered  with  RnioeagnM.  j 
(See  PI,  X,  D.)  On,-  sitdi  swiimp  alniif.  near  Guanica.conlainfi 'i-i**'' 
iiiTL-w  ol'  n-iL'liiiiiHLlili'  land  lii'iiuijtiiif;  Ui  the  (iovi-i-iiiinMil. 

Then'  -.in'  Iwn  olht'r  liiHl.iiift  1yi>es  of  agricultural  hinds  on  th'' 
island.  Thi.'si;  are  I'uund  in  a  few  small  alluvial  valleys  on  the  Qpi>"T 
courses  of  thu  rivers,  as  at  Caguaa  (see  PI.  IV,  B),  Cayey,  and  Sabana 
del  Pabuiir,  jiml  in  thi-  main  iniuss  of  fruit  and  coffee  land  on  \lw 
slopes,  ri-nching  even  to  the  crests  of  llie  highest  summits  of  rhi' 
sierra-  The  mountain  valleys  appear  frequently  lo  have  been  I'M 
alianiloricii  Jaku  beds,  and  an'  extensively  cultivated  in  forage  gnt'^ 
iiml  in  loimcco.  The  most  interesting  agrienltural  feature  of  thr 
island  is,  JioweviT,  the  steep  slopes  of  the  main  eonlillera,  which  are 
every wiiei'c  cnltivated  anti  are  mfintied  with  sufficient  depth  of  goiHf 
give  firm  hold  to  the  hixiiriiiut  vegetation  with  which  they  are  cov- 
em(.     (See  PI.  XI,  ^;  text  fij:.  8,  on  page  a7;  «ud  PI.  IV,  C.) 

The  soil  of  Puerto  Rieo,  in  physical  anil  chemical  eora position,  is  "f 
two  kinds.  I|.  is  these  differences  wliieh  furnish  the  most  radical 
ehimges  in  llnni  unserved  on  Ihe  niirlh  and  on  the  south  side  of  th-' 
islimd,  iniHiilied,  of  course,  liy  altituile  Ui  a  less  extent  and  by  precil)- 
ilnliiui  In  Ihi'  L'l'calest  extenf.  I'l'iiiiiirily  the  soils  are  either  of  c»i- 
i-iiri'niis  .ii'iii'  i-l;iy  l>l■i^'in,  III.-  re-ull  "i'  i|in'<i[iiposition  of  the  underlying 
rock. 
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Geologically,  the  moontain  portioii  of  the  island  is,  according  to  Mr. 
T.  Hilly  composed  chiefly  of  basic  igneous  rocks,  as  tofEs,  conglom- 
ktes,  and  ledges  or  dikes  of  diorites  and  homblende-andesite,  all 
volcanic  origin.  Included  within  this  mass  and  interbedded  with 
are  two  distinct  limestone  formations;  one,  found  near  the  crest 
the  island,  is  a  black  shaly  limestone  of  over  1 ,00C)  feet  in  thick- 
38 ;  the  other  is  a  light-gray  crystalline  limestone,  which  outcrops  on 
)  southern  and  western  slopes  between  Ponce  and  Cabo  Rojo.  The 
Is  which  weather  from  the  former  of  these  limestones  furnish  the 
3t  tobacco  lands.  Those  which  have  weathered  out  of  the  second 
these  limestones  are  of  little  agricultural  value,  and  on  them  the 
Ugenous  flora  is  noticeably  different  from  that  grown  on  the  former, 
rhe  main  mountain  masses  are  heavily  covered  with  soil  of  a  deep- 
1  arenaceous  clav.  This  is  the  result  of  deeav  of  the  volcanic  rocks 
ich  have  been  rapidly  decomposed  under  the  influences  of  perpetual 
»isture  and  heat.  To  the  tenacity  of  this  soil  the  interior  of  Puerto 
oo  owes  its  iK)wer  to  retain  v^etable  growth  on  its  deep  slopes  even 
er  they  have  been  deforested. 

rhe  soils  of  the  playas  are  entirely  of  alluvium  washed  down  from 
)  mountain  formations  and  mixed  with  detritus  from  the  adjacent 
lestone  hills.  The&e  playa  soils  are  reddish-black  in  color,  except 
the  norihweatem  portion  of  the  island,  where  they  are  derived 
on  decay  of  the  pepino  hiUs  and  are  black  and  calcareous.  These 
iya  soils  are  of  sandy  loam,  well  adapted  to  root  penetration,  and 
oellent  for  cultivation  because  they  are  open,  porous,  and  there- 
«  well  drained. 

OLD  FIELDS  AND  FERTILIZERS. 

!n  many  portions  of  Puerto  Rico  the  lands  have  been  overeultivated 
ihout  fertilization.  Such  lands  are  now  abandoned  and  have  some- 
at  the  appearance  of  the  "old  fields"  of  the  Southern  States.  On 
limestone  hills  of  the  southern  coast  they  are  covered  with  a  short. 
68  and  resemble  the  sheep-grassed  hills  of  New  Mexico  and  western 
Usas.  (PI.  VI. )  These  worn-out  lands,  or,  as  they  are  called  in  the 
tish  West  Indies,  **  ruinates,"  are  found  scattered  throu^ii';ut  the 
Oitry,  and  furnish  one  of  the  most  interesting  problems  ('onnected 
h  scientific  agriculture  in  the  opportunities  they  present  for  recla- 
bion. 

Ixoellent  fertilizers  are  found  well  distributed  throughout  the 
hBd,  and  the  value  of  these  will  ultimately  be  luscertained  and  their 
» extended.  The  most  abundant  of  these  is  a  greensand  marl  of 
5ene  a^e,  found  extensively  in  the  northwestern  jwrtion  of  the 
md,  between  Lares  and  San  Sebastian,  and  also  in  the  neighborhood 
Carolina,  at  the  northeastern  extremity  of  the  island.  This  marl 
MOB  to  be  rich  in  phosphates  and  is  not  unlike  in  general  appear- 
)e  the  marls  of  New  Jersey.  Next  in  value  as  fertilizers  are  laige 
nut  82 8 
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depositet  of  guano  ou  Mooa  Island,  just  ott  the  west  coast,  aud  smaller 
(lepoaito  in  caverns  ou  the  west  coast  and  near  Ponce.  Elsewhen, 
thi-oiighout  the  ittland  arc  great  beds  of  shell  and  chalk  marl^  and  of 
lime  phosphates.  The  lime  marln  are  abundant  evei-ywhei-e  around' 
the  coasi,  aad  gjT)9um  marltt  occur  in  the  neighlKtrhood  of  Ponoe.      ' 

■  AlIRlCUliTURAI,    PRODUCTS. 

■  The  soil  of  Puerto  Rico  in  so  deep  and  ferlilo,  the  prceiptlation  so' 
abundant  and  well  distributed,  and  the  temiterature,  thoujfh  tropic,^ 
so  mild  as  to  render  it  possible  to  cultivate  almost  all  the  laud  on  Uie 
i.-^tand.  Moreover,  almost  every  foot  of  it  is  now  or  ban  I>eeit  undN 
cultivation.  It  is  essentially  the  land  of  the  small  farmer,  ttecause, 
limited  as  the  island  is  in  estent,  the  ofBcial  reisords  show  that  it  it 
divided  into  36,650  individual  holdings.  These  are  distributed  as  fol- 
lows:  Tobacco  plantations,  6ti;  cattle  ranches,  240;  coffee  plantations, 
.WO;  sugar  plantations,  435;  small  coffee  farms,  4,18d;  small  fannaof 
mixed  coffee,  frnit.  and  vegetables,  4,375;  small  fruit  and  vegetable 
farms,  J6,fl30.  At  least  31,000  of  these  holdings  are  of  the  smalltst 
kind,  being  owned  by  the  poorer  [)easantry.  Snch  holdings  rant^e  in 
size  from  o  to  50  acres,  rarel,v  reaching  the  latter  amount.  The  reiDHiii- 
lug  6,000  holdings  are  from  100  to  5,000  acres  or  even  lai-ger.  T\» 
greater  proportion  of  these  are  relatively  small  and  are  devoted  chiefiy 
to  the  cultivation  of  coffee,  the  larger  ones  l>eiiig  mostly  oultivatcil  in 
sugar. 

SofniilCiil  ;itv  llii-  s.)il  and  i-liin;iti-  llial  tin-  pi'opi,'  pnsa  jiii  inilnlciil 
and  la/.y  i-.xisi.-rH'i-,  cvi-n  In  a  .i;n-a1i-f  .■xlciit  lliiiri  is  ohscrvahlo  Hs,- 
when'  in  S;.ariisli  AriH-rica.  Oulside  of  Iho  lew  large  plantal  ions  ili^' 
people  are  TiniH-iniiiinli'd  witli  any  airricnlt  nral  implement  other  lli;Ui 
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deposits  of  ii^tiHao  ou  Mona  Island,  jnsfc  off  the  west  coast,  and  smaller 
deposits  ill  pftverus  on  the  west  coast  and  near  Ponce.  Elsewhere 
tbroiighoiit  thti  island  are  great  beds  of  shell  and  chalk  marls  and  of 
lim<)  phoHpliates.  The  lime  marls  an?  abundant  everj-where  around 
the  ooa«t,  and  gypsum  marls  octnir  in  the  neighborhood  or  Ponw. 

■  AliRIfCLTUEAL   PHODUCTS. 

V  The  soil  iif  i*u«rto  Rieo  is  so  deep  and  fertile,  the  precipitations, 
abnndunt  and  well  distributed,  and  the  t«mpt^rature,  though  tropic^  i 
so  mild  as  to  i-endnr  it  possible  to  cultivate  almost  all  thti  laud  on  thfl 
island.  Moi'eover,  almost  every  foot  of  it  is  now  or  lias  been  under  | 
cultivation.  It  Ls  essentially  the  land  of  the  small  farmer,  lieran*, 
limited  aa  the  island  is  iu  oxlont,  the  official  records  show  that  it  i» , 
divided  into  30,050  individiml  holdings.  'ITieae  are  distributed  as  ful- 1 
lows:  Tolmcco  plantations,  60;  cattle  ranches,  240;  coffee  plantatioiu, ; 
.IfiO;  sngar  plantations,  4.35;  small  coffee  farms,  4,1)^5;  small  famuDl  i 
inixod  coffee,  fruit,  and  vegetables,  4,375;  small  fruit  »nd  vegetable , 
farms,  lt!,!)90.  At  least  -J1,000  of  these  holdings  are  of  the  smsllest  | 
kind,  being  owned  by  the  poorer  peasantry.  Such  holdings  raugein  . 
sizefromS  to  50  acres,  rarely  reaching  the  latter  amount.  TlieremaiD-  ] 
ing  5,00fl  holdings  are  from  100  to  6,000  acres  or  even  larger.  The ' 
greater  proportion  of  these  are  relatively  small  and  are  devot«d  chiefly  I 
to  the  cultivation  of  coffee,  the  larger  ones  l>eing  mostly  cultivated  in 
sugar. 

So  fruitful  an-  fli.-  soil  ami  .-limalc  that  lh*>  ]>.v.p].-  pass  an  ind'^ifflt 
ami  lazy  cNisL-rKT,  .■v.'ii  Li  a  sin-al.T  .-xtfiil.  Iliati  is  (ihs.-rvahl.-  rU- 
wh.T..  ill  S|iaiiisli  .\ni.Tica.  Oiilsi.i,.  uf  l!ir  lew  larfie  plaiitatj.iiis  li"' 
people  arc  niiarqiiaitHi'il  with  any  a^rrieullnral  iinplcnieiit  other  lli;iii 
Ihe  maehf-te,  a  short  Ihi.-k  swi.r.l,  wliiHi  serves  all  tile  piiriH)Ses"f 
seylhe,  brush  hook,  a\,  hoe,  and  weapon  of  (iefens,.,  Holos  :ili' 
scratehod  in  Ihe  surface  of  llie  soil  in  whieli  1<)  piant  s.-eds  or  liMii'- 
plant  spnmts.  'riiereal'lei'  no  alterilion  is  <,'iveii  to  Ihe  emp  iiiililii 
)>ccoines  neeessaiy  I  o  gat  her  the  proiliicl  either  fi)r  dQinest  ie  eoiisuiiili 
lioiior  |■ol■e.v(^han^^e  in  th.>  nearest  villa.ire  for  such  hous.-iiojii  ii.rc- 
silies  as  the  farm  does  not  pr.idiiee. 

.Vhiin.hiiit  and  well  dislrihiite.i  ;is  are  Die  van.ais  en.ps.  the  i>l:tii.i 
piniluees  to  but  a  fiaeliun  of  its  <-apa(-iiy.      (See  PI.  XIII,)     Thiisinr 
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tlie  near  future  in  wrestiug  from  nature  more  bountiful  and  useful 
crops  than  are  now  cultivated. 

At  present  such  crops  as  are  produced  for  exportation  are  limited 
almost  exclusively  to  sugar  and  the  bj-product  s  of  the  cane  (molasses 
H-nd  rum),  coffee,  tobacco,  and  hides,  in  the  order  named.  In  value, 
however,  coffee  exceeds  that  of  sugar  in  the  ratio  of  tlii*ee  to  one. 
According  to  the  Spanish  Estadistica  General,  the  total  exports  for  1897 
^ere  valucHl  at  *18,574,678.     These  were  distributed  as  follows: 

Exports  of  principal  articlen  frwn  Puerto  Rico,  ISfC, 

I  Amount,  in  Valu*. 

,  l)ound8.  ^  **"^- 


Canesngar 12,5. 323.  ."iSO  §4,007,909 

Molaases \      25.085,069  403,519 

Coffee - .1      51,097,823  [  12,222,598 

Tobacco.. ....;        6,181,771  i  1,194,818 

Hides ..!           822,108  71,853 

Other  articles ,.. 674,892 

Total ' '  $18,574,678 


In  addition  to  the  above  there  are  several  other  articles  of  export 
'''^hich,  like  these,  are  all  of  agricultural  origin.  In  order  of  impor- 
^nce  they  are:  Honey,  the  value  of  the  exported  product  being 
^517,746;  wax;  cattle,  of  which  3,180  head  were  exported;  chocolate; 
*traw  hats;  and  a  very  small  amount  of  fresh  fruit. 

Prom  the  above  it  is  evident  that  the  most  valuable  crop  of  the 
^^land  is  coffee.  Next  in  importiince  ranks  sugar  and  then  tobacco 
Hnd  cattle.  In  addition  there  are  cultivated,  chieflv  for  domestic 
^nsumption,  various  cereals,  lentils,  potatoes,  small  vegetables,  and 
bruits,  as  well  as  forage  grasses. 

Of  domestic  animals  cattle  are  first  in  importance.  These  are  of 
unusually  large  size,  being  far  more  powerful  and  heavier  than  any 
seen  in  Central  or  tropic  South  America  or  elsewh(Mv  in  the  West 
Indies,  and  in  fact  exceed  in  size  the  cattle  of  our  Southern  States. 
They  have  widespreading  horns  and  in  general  appearance  they 
resemble  the  range  stock  of  Texas  and  the  uplands  of  Mexico.  (See 
PL  XII,  J5.)  Horses  are  abundant,  but  are  so  diminutive  in  sizeas  to 
scarcely  deserve  any  other  name  than  pony.  They  n^semble  in  gen- 
eral appearance  the  ponies  of  Cuba,  but  though  small  they  are  exceed- 
ingly hardy  and  are  excellent  pack  animals.     (See  PI.  XI,  C) 

All  the  heavy  draft  work  of  the  island  is  done  by  oxen,  which  are 
yoked,  not  by  the  neck  but  by  the  horns,  to  heavy  two- wheeled  bul- 
lock carts  made  of  mahogany  and  similar  hard  woods.  (See  PI.  XI,  B. ) 
Off  the  roads,  and  these  ai*e  but  few  and  inferior  in  quality,  all  prod- 
uce is  hauled  to  the  markets  and  purchases  made  there  are  can*ied 
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bock  to  the  iitountuiii  turms  on  the  bacICA  )>f  the  Hturtly  liItU'' 
horses  which  cHnib  with  unn^  roi»t  the  ^tmtp,  WRI.,  find  ttlippory  t 
(Se«  PI.  XI,  C.)  ThP  method  of  pavkiiiff  these  Knfmalx  iit  tl 
nionl}'  proctiued  in  iHitm>  portions  of  Suulh  Aiiivricu.  Moi^t  trard 
are  carried,  not  by  menus  of  iMick  saddlt-s  or  of  aparejon  aod  I 
mpes,  but  in  wivker-baekc-tpannierN.  which  are  hung  looeely  over  U» 
bauks  of  the  animab.  Sackw  of  coffee,  however,  are  hunje  loosely  hj 
sliiig  ropt!B.  In  this  way  they  are  loaded  with  150  lo  25fJ  ponnils  i>f| 
coffee  rr  other  harden  and  tramp  with  quick,  short  xtcpx  ovit  the 
ragged  trails.  i 

In  addition  to  (tattle  and  horiieB  a  verj'  few  small  mules  aro  hrcd;  j 
the  only  other  domestic  animal»<  are  poultrj,  hogs,  and  d<^K.  Tht! 
poultry  ai-e  of  inferior  breed,  being  chiefly  raised  for  the  game  cwig, : 
which  are  used  in  the  universal  spurt  of  the  {leuple.  These  andlbt 
hogs,  which  are  also  of  small  size  and  of  poor  breed  (aee  PI.  XI,  Di, 
thrive  well,  but  are  so  few  in  numi»er  that  fences  are  rarely  built  to 
restrain  them.  It  is  therefore  a  common  sight  to  see  hog:^  tetberadb/ 
a  string  lied  amund  one  leg  and  attached  to  a  tree  or  pickM,  and  to  j 
see  poultry  tied  in  the  nfiine  manner  and  forage  much  as  Uo  milch  eitn. 
The  various  agricultural  crops  of  importance  are  diKtributed  iaJ 
zones,  depending  on  and  clearly  marking  the  varialtuns  in  altitude,  | 
rainfall,  and  soil  composition.  Sugar  cane  is  cultivated  exclusively  Id  I 
the  coast  playas  and  in  the  parting  valleys  among  the  lower  hills  of  ihe^ 
back-coast  border.  It  grows  luxuriantly,  the  stalks  being  10  to  15  feel 
in  height  and  often  ^1  inches  in  diamet«r  at  the  base.  (8ee  PL  XII,  .1) 
The  cane  is  cm  .luring  lii.'  iiiontlis  of  Jiinuary  to  JIarch,  inclusi\*. 
jind  prodnt-fs  an  iivcrjij:.'  yield  of  :i  tons  lo  Ihc  acre.  It  is  the  imly 
ciojuwo'pi  L-olfcc,  tli<'  laliiT  Id  a  more  limilcd  extent,  which  is  riilii- 
valrd  with  iiiixlfrn  lui'thods  an<l  harvested  by  the  use  of  nunliTM 
inai-hincry.  Ilfavy,  import. -d  metal  plows,  drawn  by  si.v  to  ten  y<ik.- 
of  .)\cn,  are  us^^.l  in  tilling  tin'  soil  aii.i  making  the  furrows,  thn'ii;'li 
rii-  is  cut  down  with  a  h\-''« 
ilo  Ifiigth.s  of  ;i  to  4  foei  I'V 
eld  In  the  sugar  mill  eittu'r 
(jii  trains  of  cars,  hauknlb' 
arious  avenues  through  llif 
I  of  ihi'sc  trjimways  is  laiU 
moved  about  as  required. 
aiitial  lii'ick  struct urcs  containing 
■h  ttic  cane  is  (■rnshe<t,  t>oiled,  aoJ 
iigar  of  miiscovada  grade,  molas- 
.'iug  usually  distilled  in  the  same 
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The  coffee  plant  is  nut  unlike  u  tall,  slender  currant  Imsb  in  general 
appenrauce,  tliougb   it  is  iieeuliarly  devoid  of  leaves  or  hraiiclu^i. 
Several  stems  grow  from  one  root,  and  these  are  but  Ihree-quarteis  I 
to  an  ineh  in  diamolor  at  the  liase,  although  they  are  S  to  12  feet  in  I 
height.     They  put  out  little,  short  branches  with  small  leaves,  auduu  ] 
thetui  branehes  g^v  tlio  coCFeo  beans  with  exceedingly  short  stems,  g 
that,  they  apiH'aj'  tn  clinB  closely  to  the  wood.     The  eoffee  berry  when  I 
ripo  is  not  nnllke  a  good-alaed  reil  ehen-y.     The  plant  begins  to  hear  i 
after  four  years,  aud  the  berry  is  picked  during  the  winter  mouths, 
from  October  to  February.     It  yields  best  in  seven  to  eight  years  and 
continues  to  pi-oduee  for  attout  thirty  years.     The  berry  is  gathereil 
chiefly  by  women  and  cli-ildren,  who  empty  their  small  basketfuU  int<> 


l.'(-U'.l  fini,,  mill  aii'l  ni,i,'lil  d.-w.  mil  il  tiioroii^-hly  .hy.  Tli..  .Iimii:; 
plii1l"onii>  aiv  <.|-  iwi.  -i-n.'riil  \y]>i-s.  Tlu^  tirst  1y|ir  .■<lli^i^t^  ..i  l,|-,.;i.|. 
Ifvcl  pliLllfiriLis  tii'  Mi;isc.nry.  with  sm.Kjlli  .-oin-ivl.'  MLrliinvs  .m  wliiii 
til.'  iHTri.-s  ai-.-  >p>-.-ii<l  1.111. 'vcnly  au<l  an-  liord  .iv.t,  und  lium  whkli 
tli.-y  aiv   -;illi<.ivil    and    |.la<-.-d    ini.l.T  .-i.vit  at    iiij.'hi    or   wli.-n    r.,\u 

llir.'atfn,,.      Tli,'  >vv I  variHy  •>(  plalfonn,  lltal   iis.^.i   ..ii   tli.-  l^ni;.! 

plalilali.)M>.  i'uii>i>ts  n\-  liii-i:..  wondriL  l^ay^■  alu.iil  S  hy  1l'  r,-,.i,  '|1m- 
rcsl  on  iMll.Ts  whii-li  inn  nii  Irac-Ivs  in  sn.'li  niiinn.-r  that  wlicn  ii  :- 
nc-iwary  l.i  pla.'.-  ill.'  .■olT.'f  un.l.T  shell. t  th.'  trays  an-  mll.-.i  uuJ.i 
Ui..  .■<.!?<■.■  iiniis,.;  a-;  111.- trays  arc  but  '>  l«.  7  in.-h.^s  in  depth,  th.-y  run 
(Mii-abov.'  anotliiT,  s..  Unit  iismUly  thiv.-  trays,  and  snm.-timcs  lunr.'. 
itn-  /jo(i.M.'d  niid.'i-  on.'  pk)vVvo\i  u^  Uw;  v«-.«v>-  Ui.ii.sv,      {i>vu  i\'^.  •.<.}     N^r 
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inf  reqnently  coffee  is  dried  in  the  streets  or  plasas  by  spreading  it  out 
on  burlap  sacking,  which  can  be  quickly  gathered  up  in  the  form  of  a 
bag  and  carried  away. 

After  drying,  the  berry  is  crushed  in  great  wooden  mortars  with 
heavy  wooden  pestles,  so  as  to  break  away  the  dried  husk  which 
incloses  the  coffee  bean.  (See  PL  XII,  D.)  Where  better  managed 
this  crushing  is  performed  in  a  circular  trough  not  unlike  an  amstra, 
by  means  of  heavy  wooden  wheels  which  are  turned  by  animal  power 
and  sometimes  by  water  i)ower.  After  crushing,  the  coffee  is  washed 
and  screened  to  separate  the  bean  from  the  husk.  The  former  is 
usually  double — that  is,  there  are  two  half  beans  within  one  berry. 
Not  infrequently,  however,  it  consists  of  one  deformed  bean  which  is 
egg  shaped  and  smaller  than  the  two  halves.  This  variety  is  called 
"caricolillas,"  and  is  especially  prized  in  European  markets.  The 
washed  coffee  l^eans  are  placed  in  airy  rooms  in  the  drying  houses 
and  thoroughly  seasoned  and  dried  before  shipping. 

The  variety  grown  generally  is  of  excellent  flavor.  As  yet  little  of 
it  reaches  the  American  market,  chiefly  because  of  the  export  duty 
now  placed  on  it  and  because  it  commands  a  much  higher  price  in  the 
European  than  in  the  American  market.  The  better  varieties  are 
sold  by  the  sack  by  commission  merchants  in  Puerto  Rioo  at  18 
to  18  cents  per  ponnd.  This  is  a  higher  price  in  Puerto  Rico  than  is 
paid  in  New  York  by  coffee  importers  for  the  best  grades  of  Bogata, 
Caracas,  and  other  fine  Central  American  varieties.  As  it  is  not 
well  known  in  the  American  market,  importers  will  not  offer  more 
than  10  to  12  cents  for  it.  Much  of  it,  however,  reaches  the  United 
States,  chiefly  that  of  the  poorer  grades,  being  shipped  to  Euroi>e  in 
transit.  After  it  has  remained  some  time  in  the  bonded  ware- 
houses it  is  withdrawn  under  the  names  of  Java  and  Mocha.  The 
American  coffee  buyer  purchases  largely  on  the  appearance  of  the 
bean,  and  accepts  that  which  has  a  dull  and  lusterless  appearance.  In 
Europe,  however,  coffee  having  a  bright  gloss  is  preferred,  and  for 
this  reason  Puerto  Riean  coffee  is  at  present  extensively  treated  with  a 
wash  of  gum  arable  and  charcoal  or  some  similar  preparation,  which 
gives  it  this  gloss.  This  process  injures  the  sale  of  the  article  in  the 
American  market.  Those  who  have  used  Puerto  Riean  coffee,  how- 
ever, insist  that  its  flavor  is  equal  to  the  best  sold  in  the  country,  and 
that  when  better  known  it  will  command  a  higher  price  and  will 
displace  the  very  best  of  the  Central  American  product. 

Other  valuable  agricultural  products  are  forage  plants.  The  most 
important  variety  is  guinea  grass,  a  succulent  plant  having  a  blade 
or  leaf  2  to  3  feet  in  heightand  fully  one-half  inch  in  width.  It3aelds 
about  3  tons  to  the  acre  and  grows  quickly  and  luxuriantly.  (See  PI. 
XV,  X>,  and  PL  X,  2>.)  Cattle  and  horses  thrive  on  it  and  on  a  nu- 
tritious, leguminous  plant  called  ^^malahojilla,"  which  is  a  variety  of 
the  wild-pea  pine.    On  the  southern  foothills  the  chief  forage  plant  is 
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iBbori.  drv-lookina  RnuM,  not  unlike  liio  Soutbwcuiterti  bonc-bj 
ilffftlo  gmss.  (Sk-e  PI-  VI.)  The  leaf  an<l  stalk  of  maize  i 
)dn  of  various  acariHS,  which  are  gathered  green,  are  also  u 
Maize  ia  grown  pxt^tnsively  m  the  vide  partin;;  valleys  in  Uieil 
Ml^rn  porlion  of  the  ialanil.  In  Ihe  Haniu  i-e^oii  hihI  Id  tbe^ 
any  of  the  ntrflams  which  flow  into  thn  v^sX  votuft,  l(>iitib<  srenj 
tIftiV  inantities.  There  are  a  niiml>fer  of  variwlhw  of  Uicise,  d 
fKB»>  iriclndlng  tlu^  frrwn  string  twati  anil  thi>  white  and  iiver-eotor 
!iBn,  which  when  cooked  art-  the  "frijoU-"  of  Spanish  AtaiTioi  ^ 
id  the  "Bo»ton  Ijaked  boan"  of  the  United  St«t<>K.  A  loDtjl-Iikc 
^rry,  which  in  appearance  i»  betwtwn  a  pea  and  a  small  l^eaiu,  hu(1}'«i 
rows  on  a  bnsh  belonging  to  the  aeac-iu  tribe,  in  tho  ^nmdnre,  ami 
lift  is  very  extensively  grown  for  domestic  consumption  on  thewmi- 
iiinid  aide  of  thi-  island.  It  occurs  in  »  pod  about  :)  to  i  iachesin 
piflh  on  a  bush  I!  to  H  feet  in  height.  Yaiue  and  swoot  potAtoosan' 
pown  extensively,  generally  for  home  nonsumption,  and  Irish  piKA- 
Ke  thrive  well,  bnt  are  grown  to  only  limited  extent  in  sonic  porlian.' 
r  the  uplands.  Among  other  email  vegetables  are  tmnatvmWKl 
id  pep|>er. 

•Cotton  tteeiuH  to  flourish  well,  though  it  is  not  cultivated  In  eoah 
rercial  quantities.  The  cotton  plants  notod  were  alniDML  as  larjEttw 
3ple  trees,  being  from  S  to  12  feet  in  height,  with  a  atom  2  to  3  icobm 
1  diameter  at  the  base.  {See  PI.  XIV,  A.)  The  flowers  and  pod? 
-ere  numerous,  and  the  latter  well  filled  with  a  long  staple  wrttu" 
apparently  as  flne  as  the  best  growni  in  the  Southern  Stst«s. 

.\  viiricly  III'  upland  rii'i'  pceiditir  to  ilic  isljind  is  onltivalcd  ii}  tl).- 
iiil.Ti.ji'liills,  aiid^rnuvs  without  irri^iUicm  di- iniindat  lou.  Ar  pifx-t)! 
bui  lillli'  is  pM"liii-cd,  licciiusf  llif  Spanisli  have  dist-ouragt'il  ilsciilii- 
valion  in  mili'iln  im-iTasi'  llic  importation  of  rice  fi-oni  Spain.  .\ 
plant  failed  the  yaiitia  is  iinc  of  Ihc  staple  vegetable  fooils  of  lli'- 
peojilc.  and  is  t:ruwn  on  tin-  linniid  side  <>1"  the  island  in  (arjre  li.-liK 
mneli  as  cabba.L,'.'  is  i-nltivaled  in  the  rnitctl  States.  It  i>  iln' 
Cuhnli.nn  t-xrul,  iih'm.  and  f^'rows  In 
>ists  .•Iii..|ly  of  wi(l.'-s|nva.linf:.  lica 
in    le„i.'ll,.  in  ap|H-aranc<-  not  nnlik 
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Learn  to  produce  such  varieties  as  ai'e  in  demand  abroad.  The  seed 
stock  at  present  used  is  poor  and  run  out,  the  bananas  yielding  only 
2  or  3  hands  deep  instead  of  10  to  15  hands,  as  they  must  for  export. 

Bananas  and  plaintains  are  grown  generally  throughout  the  island. 
They  are  cultivated  most  extensively  on  the  hill  slopes,  l)eing  rarely 
seen  on  the  alluvial  lands  and  in  the  valley  bottoms.  On  the  humid 
4ide  of  the  island  these  plants  are,  with  cocoanut  palms,  the  most 
[jrominent  features  of  the  landscape.  (See  PL  VII,  B.)  They  are 
scattered  on  ev(*ry  hillside,  being  grown  sometimes  in  orchards,  but 
nore  generally  in  various  portions  of  fields  with  other  crops  and  in 
gardens.  On  the  arid  side  of  the  island  ther  are  seen  less  frequently 
Mid  at  the  lower  altitudes  quite  rarely. 

Another  of  the  more  abundant  and  valuable  fruit  trees  is  the  cocoa- 
nut  palm.  The  fruit  is  large  sized  and  well  flavored,  and  extensively 
consumed  when  greou.  But  little  is  exported,  though  the  husks  are, 
to  a  moderate  extent.  This  tree  also  flourishes  everywhei^e  and  pro- 
duces well. 

Oranges,  like  l>ananas  and  cocoanuts,  grow  wild  and  cultivated 
everywhere  with  gr<*at  luxuriance;  so  also  do  lemons  and  limes.  A 
cultivated  variety  of  oranges,  which  is  used  to  a  small  extent  in  shad- 
ing coffee,  is  unusually  juicy  and  well  flavored  and  is  the  equal  of  the 
best  produced  in  the  United  States.  Yet  none  are  exported,  and  such 
few  as  are  gathered  are  a  drug  on  the  home  market  and  are  sold  at 
the  rate  of  from  two  to  three  for  one  cent. 

Pineapples  are  cultivated  to  a  slight  extent,  chiefl}'  in  the  south- 
"^©st,  about  Caho  Rojo.  Guayavas  also  are  chiefly  grown  in  the  south- 
•^estern  portion  of  tlui  island,  though  they  are  not  cultivated  to  the 
-Xtent  one  would  expect.  From  them  is  made  guayava  jelly,  which 
^  a  popular  confection  with  the  inhabitants  and  finds  also  ready 
•^^rket  in  the  United  States.  Less  abundant  are  the  aguacate  or 
alligator  pear  (Persea),  the  guanavana,  called  in  Central  America 

chiramoUa  ''  and  ''custard  apple"  (Anona);  the  mango,  the  mamey 
^^  bread  fruit  (Mammea),  and  a  variety  of  others.  All  of  these  fruits 
^Od  vegetables  are  extensively  consumed  by  the  people  and  are  for 
^le  in  all  the  city  markets.     (See  PI.  XIV,  B.) 

FORESTRY. 

The  forest  resources  of  the  island  have  been  practically  exhausted. 
The  country  has  been  so  long  densely  inhabited  and  under  cultivation 
that  practically  all  the  virgin  timber  has  been  removed,  and  some  of 
the  native  trees  are  so  rare  that  specimens  of  them  can  scarcely  be 
found.  Practically  all  of  the  more  valuable  hard  woods,  which  are 
abundant  in  Haiti  and  eastern  Cuba,  are  indigenous  on  this  island. 
The  whole  surface  of  the  country,  especially  on  the  higher  moun- 
tain slopes,  is  well  covered  with  trees.  The  woods  consist  chiefly 
of  the  artificial   and   natural   shade   trees,    under  which    coffee  is 
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pliinteil.  (SeePl-Xn.  C.)  Themore  iinpt>rtaiitof  these  tree»«n>lfc»  I 
Buaina {Itujti  laurinta),  giiava  {Inga  vera), bucare  (Erythrina  bucni^  I 
and  magit  (ThfUiwuia  (jraiulifoni).  Tliese  tret-s are nf  little  vsini 
their  lumlxT,  ai*  their  trnnks  are  but  4  to  7  inches  in  diameter, ma 
straight,  and  Itraiich  Hbout  10  to  15  fwtt  from  the  gmund.  : 
height  of  3<>  1.U  50  ft-el.  'ITie  maga  has  some  valne  for  timber;  1 
wood  is  hard.  i-«n  be  workwl  without  great  difficulty,  and  is  n 
limited  extent  in  the  (■idiHtniction  of  furniture  and  for  slaularil 
poses. 

The  most  ahundiuit  of  the  precious  hard  woods  is  the  aii^ubo, 
i)lingt6akormrtlioj{any.   "Treesof  thiskindarefound  in  iiiAuy 
of  the  island,  and  it  is  utwd  i^xtenstvely  in  making  biilloek  ta 
spokes  and  polm  of  these  being  alwa.vs  of  ausubo.     It  in  a\no 
beams,  rafl^^irs,  and  upright  posts  in  buildings.     Two  variotiaioll 
ifih  cedar,  the  hard  and  soft  oedRr,  oouur,  but  both  are 
plank,  1  inch  thiek  and  12  feet  long,  tieing  valued  in  the  mot 
at  tl.     Another  of  the  more  abundiint  woods  is  the  giiara^BU, 

is  nsed  rhiefly  in  mnkin^^  boai-d  flooring  and  is  vained  at- 

cents  per  plank.  Another  wood  employiMl  in  board  noorinj^ifrtfc 
capa  priela.  An  pxcellent  furniturw  wood,  Rtrong  and  luird  batVM? 
rare,  is  the  eapa  l>laoca.  The  mauricto  is  a  very  d  uruble  yellow  wood 
used  for  part.H  of  machinery,  for  the  hubs  of  earttf,  luid  fur  BiiniUr 
purposes,  A  wood  which  does  not  easilydecay,  and  is  therefore  us«l 
for  posts  and  such  purposes  as  require  insertion  in  the  ground,  is  thi- 
higureillo.  Among  other  of  the  native  woods  are  the  nonfragratit 
saii.bilwn.,1!.  liiun-l.  u.-ar.  iilj:arn>lio,  palosanto,  and  l.iin.l»"..  |Se.> 
i'l,  XV,  /;.) 
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'^rcMXlland.  The  amount  of  merchantable  timber  which  is  left,  how- 
e'ver,  is  too  small  to  render  this  an  important  element  among  the 
natural  resources  of  the  island. 

WATER   POWER   AND   SUPPLY. 

The  volume  of  water  available  for  utilization  either  as  supply  for 
domestic  purposes  in  the  various  cities  or  for  conversion  into  power 
tJirough  the  agency  of  water  wheels  is  relatively  gi*eat.  While  this 
is  especially  true  of  the  north  side  of  the  island,  it  applies  also  in  a 
measurable  degree  to  the  south  side,  for,  while  on  the  latter  side  the 
streams  do  not  discharge  large  volumes  during  the  dry  season,  there 
is  more  water  in  them  near  their  sources  in  the  mountains  than 
loaches  the  lowlands,  because  of  loss  through  evaporation  and  jierco- 
Ifition. 

All  of  the  cities  of  any  size  are  provided  with  some  fonu  of  domestic 

supply.     At  present,  in  San  Juan,  this  is  chiefly  from  rainfall.     The 

s^me  is  true  of  most  of  the  cities  which  are  on  the  humid  side  of  the 

bland,  though  in  some  cases  the  rain  water  whicli  is  caught  in  tanks 

is  supplemented  by  gravity  supplies.     In  no  city,  however,  is  there  a 

''•^ter  supply  of  modem  type  at  all  commensurate  with  the  require- 

l    Q&ents  of  a  tropic  climate.    Not  only  is  the  supply  for  domestic  use 

r    iittafficient  in  every  case,  but  there  is  practically  no  supply  available 

i    'or  fire  engines,  for  the  flushing  of  house  plumbing,  or  for  washing 

\     CKtreets  and  flushing  gutters. 

J  A  new  water  supply  is  being  provided  for  the  city  of  San  Juan. 

ik  1*his  was  commenced  under  the  Spanish  authorities  and  is  now  being 
pushed  to  completion  by  oflicers  of  the  United  Stales.  It  is  well 
designed  after  several  years  of  survey  and  investigation.  The  supply 
<H)mes  from  the  Rio  Piedras,  about  6  miles  above  San  .Juan,  where  it 
i«  diveilied  into  a  short  canal,  which  carries  it  into  settling  reservoirs, 
^ach  of  which  has  a  capacity  of  one  and  one-half  days'  supply,  at 
the  rate  of  35  gallons  i)er  head.  Thence  the  water  flows  into  filter 
beds,  whence  it  is  pumjied  to  a  distributing  reservoir  110  feet  high. 
I'rom  this  it  will  be  conducted  in  underground  mains  and  distribu- 
taries to  the  various  houses  in  the  city. 

Ponce  receives  a  gravity  water  supply  from  tlie  liio  Portugues, 
'Whence  it  is  diverted  about  9  miles  above  the  city  and  conducted  in 
masonry  conduits  and  underground  iron  distributaries  to  the  more 
important  streets.     On  a  hill  back  of  the  hospital  in  the  outskirts  of 
t     Ponce  is  a  small,  covered,  distributing  njservoir.     This  has  not  been 
[     cleaned  in  many  years  and  is  so  foul  that  its  use  has  been  abandoned. 
I    Mayaguez,  which  is  in  fact  the  best  provided  city  on  the  island,  also 
P     receives  a  gravity  supply.    This  is  from  the  Rio  Mayaguez,  the  peren- 
nial discharge  of  which  is  sufiicient  for  the  present  requirements  of 
the  inhabitaota. 
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MuMt  of  the  Hiiialler  (>iTi(w,  ns  Ailmnita,  Adjuotas,  Lan«,  etc,  bave 
,  srnvity  Hupplioj*  of  wuU^r  jtipecl  to  thftm  from  nplghhoriiigtniHaiDft,  bm 
;  thp  voluiut'  of  waiter  mippliwl  w  mrely  grp«t<ir  than  <'»ii  l»  msUy  ear 
'Tied  in  a2-iueh  pipe.  No  diffleuliy  either  of  uii  cnglmH^riRgorfinatinal 
mature  ohould  b«<  eiiouiiutered  in  snpplylti^  Ihtiiw  cilk-it  with  abtiii<laiii 
QnantitieN  of  wholesomt-,  potablp  wati»r.  Nuar  <^'vt«rj'  city  there  i* 
1  auAitnent  wat^r  available  in  one  or  more  of  thf  riverB,  and  thi»''tin 
I  invariably  be  diverted  at  suflBcienl  altitudp  u>  permit  it»  being  carriwl 
L  by  gravity  into  the  eities.  The  natural  conditions  in  nearly  evitrj 
hcaHe  are  such  a»  should  insure  the  procurement  of  anch  water  8uppli» 
lat  relatively  small  cost. 

f  The  (ippurtimitieK  for  the  generation  of  |iiiwi>r  are  HiMf  sititerabua- 
I'dant,  and  the  use  whieh  has  thus  far  been  made  of  ihcm  ih  insigmfi- 
I  oant.  The  amount  of  wa1«ir  available  for  eonversion  into  poffpris 
, 'evident  from  a  coiiaideration  of  the  dificharge  of  the  viu-ious  Htn-ttutik 
as  already  ntflteii,  and  the  great  height,  from  which  the  watej-  falls  in 
Ijut  comparatively  few  miles.  Streams  whi<':h  have  a  ininimuiii  vdI- 
^nmo  of  fiO  U^  150  second-feet  at  an  altitude  of  1,000  to  l,50(t  feet  U\\ 
r^  within  100  feet  of  sea  level  fn  a  dlslaiiee  of  5  to  10  inlleri.  Conw- 
qnently  there  are  many  st4H'p  rapids,  cascades,  and  lilith  falls  in  that 
"joourses,  and  it  is  neeessary  to  convey  the  water  in  l]iiine»  or  ditch« 
l)iit  relatively  short  distances  to  obtain  such  head  as  will  produM  aU 
the  power  of  which  nse  can  Ik-  made.  Finally,  the  width  of  th* 
banks  of  tliese  streams  within  the  mountain  goi^s  Is  so  sntatHi.wA 
their  surfaces  are  composed  so  largely  of  rocks  and  bowld^^H'' 
Ihfn'  will  be  lirilc  ilifliciiHy  (!!■  expense coiiiicf't''d  with  llic  diversioBor 
1Ilc  water  ninm-hiluiiiMLrLdbc;i(iwiirlv^.  Alrv;i.ly  ,.i„- Ain.TicanCOr- 
|jor;iti(iii  has  |nii*i'lLii-.fii  Mild  iilHaiiied  (iiuilnil  ol'  one  ur  more  W^i' 
liinvfis  tin  lln>  Kins  I'liilii  (ind  Arecil)o,  The  itinnunt  of  power 
w)ii(jh  will  I luiiiru'd  frimi  tlu-si-  haw  l»eeii  estiinaled  as  frtjra  SJftld 
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Tlic   di'M-lDiniii'iil    ur    llif   iij-rL.'iillural    Ci'soiin-cs    of    ihc   i.ihtnd  i«     i 
rii'iM'ssjirily  .IfpfiKb-nl  Iiir;r.'ly  on  f;icililics  for  !rJ^^sp,.|■lirl^'  producte     ] 
til  Ihi'  I'OiisI  for  s!ii[inu'iil  ;miiI  iif  ivliirnliifi  llii-ncc  |iiircli;is"'s  made  id     ' 
Ihc-iiMst  l.iwris.     At   |in-srii1.  tli.-  isl.in.l    is  less  ;nl.-qiii,i,.h  pi-ovide<i 
with  t;.MHl  «;i^..ii  mads  tliiui  is  the  mini'  sparsely  iiiliabit<.d  and  most 
hiacccssililc  iMiriiciii  of  I  lie  iiionritainiius  Wcsti-i-n  Stares.    There  is  bui 
oii.-yiicMl  I'riail  ac-ross  Mic  island  and  stiTiii-  pi.-ci-s  of  fairly  good  Kwl 
anunid  llu'.'<Jiisl.     Tli.- laltci' are.  Iioh ever,  tliscoiine.-tfd.     In  addition. 
lliiTc   ari'  alxiul    the   cuasl    scviTaJ  lout,'  bill  diseoniu'ctcd   pieces  of 
railrna'i.     The   railn.ads  an- .if    Krcnch  cinslniclinn    and    ojM'ralion. 
Tbcy  arc  i>(  vvy  nairow  -a-rr,  1  im-li-i'  or  less.     Thci',-  an-  abmit  W 
mik's  (if  siieli   railroad  in  operation,  ilu■ludin^'  a   short    sirclvli  fmrn     , 
■Saji.liiaii  eastward  Hi*Jiu'oUuir,  another  I'l'orii  t hi- same  point  wfst":mi 


r 
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Vo  a  little  beyund  Arecibo;  a  section  betweeii  Agiiadilla,  Mayagnen^ 
aiKlIInrmifTuei-OB;  one  between  San  Sebastian  Hiid  Aflastro,  and  auotber 

from  Ponee  U>  Yaiu-D.     The  locomotives  are  light,  tbt-  ears  omall  and 

of  triflinj:  capacity,  and  the  trains  run  but  once  in  t-very  day  or  two 

nnd  consist  of  hut  two  or  three  care. 

The  roads  are  divided  into  three  classes:  Firet,  military  roads,  of 

■^*hich  there  are  about  288  miles.     These  are  all  well  graded  and  well 

surfaced  with  maciulam  and  are  kept  in  fairly  good  repair.    (PI.  XIV, 

C)    Moreover,  rhey  cross  the  various  drainage  channels  on  wfU-con- 

Strneted  mjinaary  bridges  and  culverts  (see  PI.  XVII.  ,-l},oft«n  gii-dlin^ 

Wie  mountain  sides  in  great  cuts,   blasted  cmt  of  the  sides  of  the 

precipitous  slopes  (see  fig. 

10),     Aside  fittni  the  i-oad 
I     '«>in  ^an  n        P     ce 

I    the  o  h      p  f    h  8 

firat-o  ai,    oa<l        uea    the 
I    c*>as       n    nd  eh 

I     betwee       \       In       VguH- 

^Ula    and  "Ma  an 

*>th(      be  Ma  aguez 

^ndlauco  ands  1     here 

between  R  o  P  ed  as  and 

''«ro   na  an     b«  ween    a 

S^H      J   n  IIu    a  HO 

I  »lid  N  t,     b        A         noh 
I  *f  the    o    1     h  0SH08 

r*he       an  n 

.  ^y  J         u  ja  Asde 

J  'ron  J  an  ou  t 

f '  Of  fi  -s   o  a-        a  e  on 

I  tte     s  and  w  of 

f  "heiug    a     d  ond 

I  «lass    1  on^h  g  a  >ed 

by  the  bpanish. 
There    are    said    to    be 
I  about  100  miles  of  seetmd- 

grade    road,    inelnding 
I  stretches  between  Arecibo,  Utuado,  Adjuntas,  and  Ponce,  of  which 
L  only  the  latter  portion  is  in  condition  to  carry  even  the  roughest  cart 

traffic.    (See  PI,  XVI, .;!.)   Another  bit  of  cart  road,  over  which  ouly  the 

lightest  loiuls  can  be  drawn  by  bullock,  is  between  AguadiUa,  San 

Selwstiau,  luid  Lares.     (See  PI.  XVII,  B.) 

The  third  cla-ss  of  roads,  called  oart  roads,  are  officially  stated  as 

aggregating  over  300  miles  in  length.     None  of  these,  however,  is  fit  for 

other  tralQc  than  that  of  pack  animals.     Even  military  roads  furnish 

traaBportation  faoilitiea  for  only  an  extremely  limited  extent  of  oouar 
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t«  either  side.     The  moment  one  leaves  sucli  roa<1«  lie  is  compelled 

,to  enter  at.  once  on  trails  wliieh  climb  the  precipitoun  moiititaiu  sidw 

with  extremely  steep  grades  or  deHcend  into  the  deep  stream  jiorges. 

The  great  amount  of  rainfall  and  the  peculiarly  slippery  and  sticky 

'bharaer^r  of  the  red-clay  Boil  on  the  humid  side  nf  tlie  island  renders 

«ll  roads  except  those  near  the  sonihern  coast  and  those  wbieh  art- 

macadamized  little  better  than  impassable  morasses.    (See  PI.  S  VI,  B  i 

JJo  wheeled  conveyance  can  travel  such  roads  unless  they  be  provided 

With  far  better  drainage  than  now.     On  the  drier  side  of  tbe  iAlaii<l. 

f  especially  over  tlie  coml  formation  at  the  western  end.  the  roads  are 

I  filled  with  great  rocks  and  bowlders  (see  PI.  X\^,  C).  wnd  in  plaw* 

r  ttie  soft  coral  rock  is  worn  into  deep  ruts,  rendering  lbi»  roads  iropass- 

^Able  now  for  carta.     (See  PI.  XVI.  D.)     On  these  so-called  cart  roadf 

•ven  the  ;4t.urdy  puek  animals  have  great  difficulty  in  carrying  rela 

tivoly  light  burdens  through  clinging  mud  ankle  deep,  or  over  lh>- 

I  bowlder  and  rock  strewn  surface. 

Ab  the  bulk  of  the  present  transportation  is  on  pack  animals,  u-hicK 
,earry  but  150  to  '2W  pounds  a  trip  and  return  half  laden,  it  ia  inter- 
esting to  note  the  present  price  paid  for  handling  freight  in  this  man- 
^r.  Between  the  more  distant  points  over  which  pack  journeys  an- 
iWade  tl  per  bond  red  weight  is  paid  each  way  and  50  cents  per  hmi- 
jdredwelght  is  Che  least  rate,  even  for  a  very  short  haul.  Pram  tbe 
taeighborhood  of  Adjuntas  to  Yauco  and  Ponce  the  rate  is  tl  per 
hundredweight.  One  of  the  largest  colEee  plantations  on  the  island, 
that  of  Mariani  Sons,  pays  from  H  to  *J,SO  per  hundredweight  for 
l,nuisjinrl:Lli.iii.  TIhisc  in  llii-  m-i^'libMclii.n<l  of  i.iir.'s  pny  :is  nitioli  a> 
^•J  iwv  llllrl(i?■(-ll\M■i^'llI  far  lr;iTis|»u1;ilii)ii  To  .■M;iya;rucK.  and  tliiiMM.f 
TiCH  IliTniriKis  ]i;iy  7-<  I'cnis  [iit  linniliTiiw  i-ijrln.  Sugar  is  convcyi'il 
from  Itoilin;;  lionscs  lo  lli.^  iiearosi  ,slii|i|iini,'  poiiiis  usually  in  lo-liuii- 
rii'il  1111  liullock  carts  over  Ilif 
I'  I'ust  fur  such  haulage  varif 
Inferior  as  are  the  railroaii 
wi\  by  the  faiM  tJiiit  railniaii 
(■]■  l)iiniiredwi?iglit  per  niile. 

a  i-iitnprchcnsive  system  (if 
■id.-nl  to  rcquin'  furthcn-lab- 
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r-oriiiiiuiiications  slu>u1<)  iak>' 
raniways  us  main  arlorics  or 
mils  as  feeders.  MaTcrial  l^>i 
is  abundant  in  every  pan  m 
I  black  limestone  and  of  haiil 
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